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A key principle in the effective management of a major incident is triage, prioritising patients on the basis of 
their clinical acuity.  However, existing methods of primary major incident triage demonstrate poor 
performance at identifying the Priority One patient in need of a life-saving intervention.  The aim of this thesis 
was to derive an improved triage tool. 
  
Methods 
The first part of the thesis defined what constitutes a life-saving intervention.  Then using a retrospective 
military cohort, the optimum physiological thresholds for identifying the need for life-saving intervention were 
determined; the combination of which was used to define the Modified Physiological Triage Tool (MPTT). 
The MPTT was validated using a large civilian trauma database and a prospective military cohort.  
Subsequently, to describe the safety profile of the MPTT, an analysis of the implications of under-triage was 
undertaken.  Finally, pragmatic changes were made to the MPTT (MPTT-24) - in order to provide a more 
useable method of primary triage. Statistical analysis was conducted using sensitivities and specificities, with 
triage tool performance compared using a McNemar test. 
 
Results 
32 interventions were considered life-saving and the optimum physiological thresholds to identify these were 
a GCS <14,12< RR <22 and a HR>100.  Within both the military and civilian populations, the MPTT 
outperformed all existing methods of triage with the greatest sensitivity and lowest rates of under-triage, but 
at the expense of over-triage.  Applying pragmatic changes, the MPTT-24 had comparable performance to the 
MPTT and continued to outperform existing methods.   
 
Conclusion 
The priority of primary major incident triage is to identify patients in need of life-saving intervention and to 
minimise under-triage.  Fulfilling these priorities, the MPTT-24 outperforms existing methods of triage and 
its use is recommended as an alternative to existing methods of primary major incident triage. The MPTT-24 
also offers a theoretical reduction in time required to triage and uses a simplified conscious level assessment, 
thus allowing it to be used by less experienced providers. 
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Chapter 1: Introduction 
Major incidents are common and are brought to our attention through 24-hour media. In 2017, there were five 
major incidents, resulting in approximately 120 deaths, with a further 400 injured.1,2 Despite occurring 
regularly for many years, it was only following the 1991 bombing of a British Army medical facility that the 
reflection of two British emergency physicians led to the development of the Major Incident Medical 
Management and Support (MIMMS) course.3  Defining a major incident as one “where the location, number, 
severity, or type of live casualties requires extraordinary resources”, the MIMMS course teaches a series of 










Figure 1.1: Principles of major incident response.3 
 
Despite the adoption of MIMMS in over 30 countries, in many locations there has been no standardised or 
integrated approach to their management.4 Indeed, a standard understanding as to what constitutes a major 
incident has not been agreed, with the term frequently being used interchangeably with mass casualty 
incident.5,6  
 
However they are defined, triage is the first of the medical principles involved with the major incident 
response. As a concept, triage has its origins firmly rooted in military medicine.  Napoleon’s surgeon, Larrey, 
is frequently credited as being the founding father of triage as we know it today; describing the process in 1792 
he stated that “those who are dangerously wounded should receive the first attention, without regard to rank 
or distinction”.7,8 But it was Wilson, a Royal Naval Surgeon, who in 1846 formally described categorising 
patients on the basis of their injuries, be them ‘slight’, ‘serious’ or ‘fatal’.9,10   
 
There are a number of methods of major incident triage in use worldwide; each of these methods or triage tools 
uses an assessment of the patient’s physiological status in order to determine their acuity or severity.  Unlike 
Australia and America, where there is a single triage process (using the Careflight and Simple Triage and 
Rapid Treatment (START) algorithms respectively),11,12 in the United Kingdom (UK), major incident triage is 
conducted using a two-stage process, with an initial rapid primary assessment (MIMMS Triage Sieve) 
followed by a more detailed secondary assessment (Triage Sort).3 Each of these triage tools allocate living 
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Two/Urgent, Priority Three/Delayed).  Major incident triage is a dynamic process, designed to be repeated 
several times in the patient’s journey from point of injury through to treatment in hospital.  This repetition 
means that if a patient deteriorates, this can be detected and the triage category can be changed.3,13 In certain 
circumstances, a fourth category (Priority Four/Expectant) may be used, although this requires authorisation 
by senior medical commanders.  This Priority Four category is usually reserved for patients with such severe 
injuries that even with intensive treatment they are unlikely to survive and whose treatment would divert from 
potentially salvageable patients.3 
 
The Priority One patient is defined in the MIMMS course as a patient who requires an immediate life-saving 
intervention.3  Within the major incident setting where healthcare resources are overwhelmed, the purpose of 
the triage process must be to identify those patients in need of life-saving interventions, i.e. the Priority One 
patients.  A successful triage tool is one which is able to accurately identify not only those patients genuinely 
in need of a life-saving intervention, but also those not in need of one.  If triage tools are treated as diagnostic 
tests, a successful triage tool would have optimum sensitivity and specificity.  Despite being in use for decades, 
the triage tools most commonly used lack an evidence-base with questions raised about their reliability.14  
Studies looking at the performance of these triage tools have previously demonstrated limited ability to identify 
those patients in need of life-saving intervention, with sensitivity as low as 50%.12,15 
 
There is limited guidance describing how accurate the triage process should be at a major incident; the 
American College of Surgeons choose to assess triage tool performance in terms of rates of under-triage 
(misclassifying patients as not needing a life-saving intervention) and over-triage (misclassifying patients as 
needing a life-saving intervention).  In the major incident setting, the American College of Surgeons simply 
state that both under and over-triage should be kept to a minimum.16  By contrast, for field triage, the process 
of identifying the individual trauma patient who requires treatment at a major trauma centre, they specify that 
under and over-triage should be kept to a maximum of 5% and 35% respectively.16 In common with major 
incident triage, the field triage process assesses the patient’s current physiological instability, but also includes 
an assessment of anatomical injury and injury mechanism.  With the field triage process being a more 
exhaustive assessment, it is logical that the performance of major incident triage tools, assessing physiology 
alone, will be lower. 
  
Despite numerous calls to develop an evidence-based approach to triage, the unexpected nature of major 
incidents makes research in this area difficult.  As a result, we frequently turn to either the retrospective 
analysis of major incidents15,17 or studies using trauma registries as a surrogate for the major incident 
population.12,18 With only three adult prospective studies using consecutive trauma patients,19-21 researchers 
often look to alternative means, such as simulation or major incident exercises in an attempt to validate triage 
tools.22,23 With limited evidence to support the use of the primary triage tool, the MIMMS Triage Sieve, and 
with studies demonstrating poor performance at identifying Priority One patients, this programme of work 
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Can modifications to the MIMMS Triage Sieve increase its test characteristics significantly and safely?   
 
If an improvement can be made, how does the modified tool perform in relation to existing major incident 
triage tools?  
 
Aim 




1. Determine the life-saving interventions that define the Priority One patient. 
2. Identify the optimum physiological thresholds that predict the need for life-saving intervention and 
derive a new physiological triage tool. 
3. Determine the performance of the new physiological triage tool when compared to existing methods 
of primary major incident triage. 
4. Validate the new physiological triage tool. 
5. Describe the implications of mis-triage. 
6. Consider pragmatic changes to the new physiological triage tool in order to improve its applicability 
as a primary major incident triage tool. 
 
Ethical clearance 
The study received ethical approval from the Human Research Ethics Committee of the University of Cape 
Town (reference 285/2013).  Additionally, it was registered as a service improvement project with the Royal 
Centre for Defence Medicine (RCDM) (project number RCDM/Res/Audit/1036/12/0050). 
 
Reporting structure 
Each of the six objectives were investigated as individual studies and are presented in the following chapters.  
Each chapter contains a peer-reviewed publication, reporting the methodology and findings from the individual 
studies.  Where applicable, supplementary methods, results and limitations are discussed using unpublished 
material relating to the individual study.  Chapter 8 is the final chapter of this thesis, linking the findings from 
all of the related work strands, and drawing together conclusions and recommendations for implementation 
and further work. 
  
Page 16 of 174 
Literature review 
EMBASE Ovid and MEDLINE Ovid were searched for the period 1974-2017 using the following search 
strategy.   
Triage [AND] Major incident* 
Triage [AND] Multiple casualt* 
Triage [AND] Mass casualt* 
Triage [AND] Disaster 
Triage [AND] Sieve 
Triage [AND] Sort 
Triage [AND] Careflight 
Triage [AND] START 
 
Non-English studies and those studies without an abstract were removed.  Following removal of duplicates, 
the output of the search strategy was interrogated by title to identify potential relevant studies by the author.  
Studies focussing on routine triage of patients within the ED were removed.  In addition, papers relating to 
the paediatric population and Chemical, Biological, Radiological or Nuclear triage were removed.  The 
results of the search strategy are demonstrated in Figure 1.2. 
 
 
Figure 1.2: Results of search strategy. 
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Pre-hospital and Emergency Department triage 
Stemming from the French verb trier, meaning to sort, triage is the process of prioritising patients on the basis 
of their clinical acuity.24 Within the UK, like many other countries, triage is performed routinely on a daily 
basis in both the pre-hospital and the Emergency Department (ED) environments.  In the ED, triage methods 
such as the Manchester Triage System and the Canadian Triage and Acuity Scale are used to assess the 
patient’s clinical condition and review their presenting complaint in order to determine the priority in which 
they need to be seen by a clinician.25-27  
 
In the pre-hospital setting, triage typically determines the priority of the individual trauma patient and their 
requirement for treatment at a major trauma centre.  As the organisation of trauma services has developed, so 
too has the process of field triage.  In 1971, Kirkpatrick and Youmans developed the Triage Index, a simple 
assessment of anatomical injury and physiological instability used to determine which patients needed to be 
transported to hospital.28 This was later refined with the Revised Trauma Score, which remains the 
physiological assessment in the Field Triage Decision Scheme (Figure 1.3), employed by Emergency Medical 
Services (EMS) in the United States of America (USA).16,28,29  
 
The major trauma patient is frequently defined as one with an Injury Severity Score (ISS) >15.  Field triage 
processes such as the Field Triage Decision Scheme are therefore frequently validated against the ISS or 
mortality, with successful triage being defined as patients with an ISS >15 being treated at a major trauma 
centre.30,31 Whilst there is clear evidence to support this, it is not without limitation.  The ISS is a retrospective 
measurement which can only be applied once the full extent of the patient’s injuries are known and this is not 
possible in the pre-hospital environment.15  Secondly, the ISS correlates poorly with the resource-based 
requirements of the trauma patient (or the need for a life-saving intervention).  As the purpose of field triage 
is to identify those patients who require the resources of a major trauma centre the ISS represents a flawed 
metric with which to validate field triage algorithms.32,33  
 
Mortality is a simple metric to objectively measure and quantify.  However, its prevalence following trauma 
is relatively low, making it an inappropriate measure with which to determine requirement for treatment at a 
major trauma centre.30 Although the physiological component of the Field Triage Decision Scheme (the 
Revised Trauma Score) has been shown to accurately predict mortality, it too has demonstrated limited ability 
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Figure 1.3: Field Triage Decision Scheme.16 
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Major incident triage 
When a large number of patients present simultaneously, and with a limited supply (certainly initially) of 
medical resources, triage performed in the major incident setting differs to that encountered routinely on a 
daily basis in both the ED and pre-hospital setting.11,13 Instead of determining the need for care in a major 
trauma centre, the aim of major incident triage is to rapidly identify the critically injured and to determine the 
priorities for treatment.35-40  Faced with large numbers of patients, triage helps to bring order to what is likely 
to be a chaotic environment, making the initially unmanageable situation manageable.41,42 Unlike field triage, 
major incident triage is typically a much quicker and simpler process, frequently using an assessment of 
physiology alone to identify the critically injured.  Whilst physiological derangement is sensitive for 
identifying serious injury and gives an impression of the patient’s current stability or decompensation it is not 
without its limitations.14,29,30,41,43,44  
 
A number of methods (triage tools) for major incident triage exist worldwide, with the MIMMS Triage Sieve, 
START and Careflight being the most frequently described.3,12,14,17 In the UK, despite being taught on the 
MIMMS course, the MIMMS Triage Sieve has been modified in both the civilian (National Ambulance 
Resilience Unit (NARU) Sieve) and military settings (Military Sieve); both of these (NARU and Military 
Sieve) are analogous with one another.45,46  In Europe and the USA, alternative triage tools have been proposed 
including the modified START, the Amberg-Schwandorf-Algorithmus (ASAV)47, the Primary Ranking for 
Initial Orientation in Emergency Medical Services (PRIOR)21, the Sacco Triage Method (STM) and the Sort, 
Assess, Life-saving intervention, Treatment and Transport (SALT).48,49 A summary of the triage tools 
identified in the literature review is provided in table 1.1. 
 
These triage tools all typically utilise an assessment of the patient’s physiology, either objectively (e.g. 
quantifying the respiratory rate (RR)) or subjectively (presence of respiratory distress) and allocate the patient 
to one of three treatment categories: Priority One/Immediate, Priority Two/Urgent and Priority Three/Delayed, 
depending on the patient’s clinical acuity.  Dependent on the incident, if a patient’s injuries are so severe that 
they are unlikely to survive even with treatment, or if their treatment will detract from those with potentially 
salvageable injuries, a fourth category (Priority Four/Expectant) may be allocated at the discretion of the senior 
medical commanders.3  Terminology using SALT differs, with Priority Two and Three patients being labelled 
as Delayed and Minimal respectively.  Within this thesis, categorisations are referred to using the Priority One, 
Two, and Three system.  Despite this delineation, with the exception of the Priority Three patient (allocated to 
those who are ‘walking wounded’), there is limited guidance as to what constitutes the Priority One or Two 
patient, with the descriptions provided by both MIMMS and the World Medical Association differing in the 
time period required to quantify an immediate patient.3,25   
 
“those who can be saved but whose lives are in immediate danger, requiring treatment immediately or within 
a few hours” – World Medical Association.25  
“casualties who require immediate life-saving interventions” - MIMMS.3 
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Triage Tool Country Components Outcome 






Category 1, 2, 3 or Dead 
Careflight12 Australia Walking 
Obeys commands 
Breathing 
Palpable radial pulse 
Immediate, Urgent, Delayed or Dead. 
First impression triage52 Japan Walking 
Breathing 
Eyes opening to voice (or worse) 
Tachy/Bradycardia or weak pulse 
Tachypneoa or bradypneoa 
Pallor or sweating 
Immediate, Delayed, Minor or Expectant. 
Military Sieve46 United Kingdom Walking 
Breathing 




P1, P2, P3 or Dead. 
Modified START (1)52 Japan Walking 
Breathing 
Respiratory rate 
Systolic blood pressure 
Consciousness  
Immediate, Delayed, Minor or Expectant. 






P1, P2, P3 or Expectant 





P1, P2, P3 or Dead. 
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Respiratory rate 
Pulse rate or capillary refill 






P1, P2 or P3 
Sacco Triage Method48 United States Respiratory rate 
Pulse rate 
Motor response 
Existing resources available 
Survival prediction based on physiological assessment and 
existing resources. 
SALT49 United States Walking 
Purposeful movement 





Immediate, Delayed, Minimal, Dead or Expectant. 
START11 United States Walking 
Breathing 
Respiratory rate 
Palpable pulse  
Obeys commands 
Catastrophic haemorrhage 
Immediate, Urgent, Delayed or Dead. 




P1, P2, P3 or Dead. 
ASAV – Amberg-Schwandorf-Algorithmus, START – simple triage and rapid treatment, NARU – National ambulance resilience unit, PRIOR – primary ranking for initial 
orientation in Emergency Medical Services, SALT – sort, assess life-saving interventions, treatment and transport,  
 
Table 1.1: Summary of triage tools identified in the literature review.
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Identifying the Priority One patient 
The aim of major incident triage is to rapidly and accurately identify patients who are critically injured, i.e. 
Priority One.37   However, with comparative studies using a variety of outcome measures (ISS, mortality, need 
for life-saving intervention),18,50-55 a lack of a standardised outcome makes it “impossible… to effectively 
evaluate or compare existing mass casualty triage systems” and is a key limitation in advancing research in 
major incident triage.56 As with field triage, the assessment of injury severity or prediction of mortality is not 
the aim of the provider triaging at a major incident; identifying patients in need of life-saving intervention to 
prevent death or severe disability is key.50,57  
 
As our management of the trauma patient has evolved, so too has the definition of what constitutes a life-
saving intervention.  First discussed in reference to field triage, Baxt identified five categories of life-saving 
intervention ranging from surgical procedures to fluid resuscitation requirements and invasive intracranial 
pressure monitoring.32 Modifying these criteria for the major incident setting (modified-Baxt criteria), Garner 
reduced the time for non-orthopaedic surgical procedures to be considered life-saving (from 48 hours to 6 
hours).12  Further expanding on this work, Horne et al refined the modified-Baxt criteria and identified 31 life-
saving interventions.18  Whilst the life-saving interventions derived from this latter study are more exhaustive 
than those previously documented, there are limitations associated with the study.  Firstly, it was a military 
study that focussed on combat trauma (a different population and mechanism of injury to that of civilian 
trauma), and secondly, not all medical capabilities available in the civilian setting are deployable in all military 
environments (e.g. interventional radiology).  When trying to identify the gold standard life-saving 
interventions, this will limit the generalisability of these interventions into the civilian setting.18  
 
In order to help to facilitate further research into the development of major incident triage tools, Lerner et al 
used a Delphi process to identify 18 interventions that defined the Priority One patient, and additionally 
provided definitions for the Priority Two and Priority Three patients.56 Whilst this work is a novel but 
important contribution to the literature, it has a number of limitations.  Methodologically, whilst a Delphi was 
attempted, the numbers of participants differed between rounds, with one participant missing a round but 
continuing to participate in subsequent rounds, and another participant joining the study from round two.  
Additionally, the panel consisted of a limited number of participants, which as the authors describe, may not 
represent a “broad enough view on the topic” of major incident triage.56  
 
Successful triage 
Successful triage is defined by the American College of Surgeons by the proportions of patients who are under 
and over-triaged, i.e. misclassified as either Priority One (over-triage) or Not Priority One (under-triage); with 
guidance for major incident triage simply being to keep both to a minimum.16  In comparison, they suggest 
that for field triage, the upper thresholds for under and over-triage be kept to a maximum of 5% and 35% 
respectively; due to the relatively simplistic nature of major incident triage tools, these thresholds are unlikely 
to be achievable.16  Irrespective of the mechanism of injury, the proportion of Priority One patients at a major 
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incident is typically low (10-20%), and the main challenge for those involved in triage is to accurately identify 
this group.36,40,50,58-61  
 
Under and over-triage 
Under-triage in the field triage setting is associated with increased mortality, and it is very likely that within 
the major incident environment, it will be associated with not only increased mortality but also increased 
morbidity.21,23,40,42,62,63 With over-triage, the concern is overwhelming limited healthcare resources with non-
critically injured patients and delaying life-saving interventions for those requiring them.13,42 Whilst originally 
thought to simply represent a logistical burden, Frykberg et al reported that there was a direct linear relationship 
between over-triage and critical mortality (defined as the number of deaths among the injured, excluding 
immediate deaths).36,64  However, contrary to this, Aylwin et al reported no impact on critical mortality despite 
an overall over-triage rate of 64% following the London 7/7 bombings, and this was supported in subsequent 
computer simulations where no consistent relationship with mortality was identified.61,65 
 
Owing to the unpredictable nature of major incidents, prospective research studying triage - including 
randomised controlled trials - is not only largely impossible but associated with ethical implications.55,66,67 
Instead, studies describing the performance of triage tools use surrogates for analysis and these can be grouped 
into the following categories:12,15,17-21,47,49,52,68-72  
• Retrospective analysis of major incident data 
• Retrospective analysis of trauma registry data 
• Prospective collected data of individual trauma patients 
• Simulation using live actors 
• Simulation using patient dummies 
• Simulation using virtual reality modalities 
• Paper or computer-based patient scenarios 
 
Retrospective major incident studies  
To date there are only a limited number of studies comparing triage tool performance using data collected from 
major incidents.  Whilst these studies have the advantage of using the actual population involved in the 
incident, they are not without limitations and with different outcome measures described between studies, 
triage tool performances differ considerably.  
 
The first study was by Kahn et al, who identified the performance of START at identifying a need for life-
saving intervention (using the modified-Baxt criteria) following a 2003 US train crash.17  Despite retrospective 
major incident studies typically being associated with limited availability of complete records, the authors 
were able to analyse records for the majority of patients (n=148, 91.3%).  Twenty-two patients (14.9%) were 
triaged as Priority One by START, with only two (1.4%) receiving a life-saving intervention.12,17 Whilst 
sensitivity was 100% with no patients being under-triaged, the specificity was lower (77.3% (95% CIs 67.1-
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85.5)) with an extremely high rate of over-triage (90.9%).73 The study has two main limitations; firstly there 
were only a small number of genuine Priority One patients, considerably lower than has previously 
described36,40,58,59 and secondly the analysis was performed using START only.   
 
Subsequently, Challen performed a comparative analysis of START, Careflight and the MIMMS Triage Sieve 
and their ability to identify need for life-saving intervention (modified-Baxt criteria) following the 2005 
London 7/7 terrorist bombings.15 An identical sensitivity (50.0%) and specificity (100.0%) were reported for 
all three triage tools.  As with Kahn’s study, there were only a small number of actual Priority One patients 
(n=8), with a further limitation that data were only available for half of these patients (n=4).  The use of a 
systolic blood pressure (SBP) surrogate of 110mmHg to represent the presence of a palpable pulse for the 
characterisation using START and Careflight may represent an additional limitation of this study. It is likely 
that most patients will have a palpable pulse, some of whom will have a SBP less than 110mmHg.12,43 In the 
context of a retrospective analysis this may lead to falsely elevated rates of over-triage by START and 
Careflight on the basis of the SBP, which may not be replicated in an actual major incident setting. 
  
In an attempt to validate the triage decisions made by Israeli triage officers at a single hospital, Ashkenazi et 
al performed a retrospective analysis of patients involved in two terrorist major incidents.68 Of 202 patients 
injured, 104 were admitted (51.5%), with data available for 94 (90.4%); 10 were categorised by the triage 
officer as Priority One (10.6%). ISS was calculated for all patients, and using an ISS >15 to define gold 
standard Priority One, 11 (11.7%) were identified as Priority One. The triage officers correctly identified eight 
Priority One patients yielding a sensitivity of 72.7% and an under and over-triage rate of 27.3% and 20.0% 
respectively.68,73 There are two key limitations to this study; firstly it is not clear what triage process was used 
by the clinicians as it only took a few seconds, “not long enough to allow for careful decision-making, which 
relies on physiological parameters” or whether the decisions were simply based on the “clinical acumen of 
the triage officer”.68  Additionally, triage performance was measured against the ISS, which confers the 
previously described limitations.   
 
Following an airplane crash in 2009, Postma et al conducted a retrospective study examining the performance 
of the MIMMS Triage Sieve at identifying need for life-saving intervention with a secondary aim of identifying 
patients with an ISS >15.74 20 patients were classified by the MIMMS Triage Sieve as Priority One, with only 
four requiring a life-saving intervention, yielding a 20.0% sensitivity and high over-triage rate of 80.0%.  
Under-triage is quoted as only 12.0%, but this was determined by Priority Three patients having at least one 
serious injury (defined as an Abbreviated Injury Scale (AIS) score >3), rather than the need for life-saving 
intervention. Sensitivity improved greatly (65.0%) when ISS >15 was used to determine Priority One patients 
but as has previously been described it reflects injury severity and not necessarily acuity and is therefore an 
inappropriate marker to define the Priority One patient.15,74  
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The last study to use retrospective major incident data follows a train crash in Japan, and compares the 
performance of a modified form of START with an abbreviated triage method (First Impression Triage).52   
562 patients were injured following the train crash with 113 (20.1%) admitted to one hospital of whom 39 
(34.5%) required admission to an intensive care unit.  Standard procedure for this hospital is to triage using 
the modified START protocol (presence of a palpable radial pulse replaced by a non-invasive SBP 
measurement >80mmHg, and obeys commands assessment replaced by an assessment of the individual 
components of the Glasgow Coma Scale (GCS)).  Using a lower threshold than other studies to define the 
Priority One patient (ISS >15 versus ISS >15), 10 patients (8.8%) were identified as Priority One.  The 
modified START had a sensitivity of 60.0%, corresponding to an under-triage rate of 40.0% with an over-
triage rate of 16.7% (1-positive predictive value, (PPV)).52,73 As with previous studies, the use of the ISS 
represents a limitation, as do alternative methods of triage (modified START and First Impression Triage), 
which have not been described subsequently. 
 
Retrospective trauma registry studies 
When major incident data are not available, studies frequently turn to the use of trauma registries as a surrogate, 
allowing for the analysis of large numbers of patients.55,67 However, these studies are associated with 
limitations; firstly, trauma registries typically report consecutive, single patients, which when assessing the 
performance of triage tools, is not the environment or setting in which they are designed to function in.50  
Secondly, trauma registries including the UK Trauma Audit and Research Network (TARN) often have 
specific inclusion criteria (Appendix 1) which, whilst likely to capture severely injured patients, may not 
include those without such injuries (true negatives) - for example, those discharged from hospital within a 
short period of time may not be included on the database.75  When assessing triage tool performance, the 
reported sensitivity may therefore be accurate, but the specificity will need to be interpreted with caution as 
not all ‘true negatives’ will have been included.  Finally, in common with real-life major incidents, 
documentation can represent a limitation with the use of trauma registries resulting in missing data, which then 
requires either assumptions to be made to replace the data, or to remove the missing data, thereby introducing 
a form of selection bias.76  
 
In 2001, Garner et al performed a comparative analysis of START, Careflight and the MIMMS Triage Sieve 
using data from an Australian trauma registry.12  Using the modified-Baxt criteria to determine the Priority 
One patient, they reported a sensitivity of 84% and 82% for START and Careflight respectively, with both 
having a specificity in excess of 90%.  In contrast, the MIMMS Triage Sieve demonstrated poor sensitivity 
(45%) and the lowest specificity (88%). The presence of a palpable pulse and the ability to obey commands 
were identified as being the greatest predictors of the need for life-saving intervention.  
 
Using START, Gebhart et al determined the performance of the individual components of the triage tool, and 
their ability to identify the Priority One patient (defined using mortality) from a random selection of 355 trauma 
registry patients.51  Whilst the study is limited by a lack of comparison with other triage tools and an analysis 
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with START as a whole, it demonstrated that patients with only one of three Priority One defining criteria had 
a mortality of 21.0% which increased to 50.0% when all three defining criteria were present.51  
 
Using a military cohort, Horne et al compared the performance of the MIMMS Triage Sieve to the Military 
Sieve (which includes an assessment of conscious level) at identifying adult patients in need of life-saving 
intervention.18 The MIMMS Triage Sieve demonstrated limited sensitivity (53.2%), but with the inclusion of 
conscious level assessment (Military Sieve), this increased to 58.5% (p<0.001).  Subsequently they explored 
the effect on sensitivity and specificity when the physiological variables within the Military Sieve were 
adjusted and speculated that a change in RR thresholds (from 10>RR>30 to 12>RR>24) and the inclusion of 
a lower HR threshold (40>HR>120) could improve sensitivity (71.2%) whilst maintaining an acceptable level 
of specificity (79.3%).18  
 
The largest trauma registry study (over half a million adult patients) compared the performance of six triage 
tools including START, Careflight and the Sacco Triage Method (STM).55 The STM is a mathematical triage 
tool developed to guide triage decisions based on a combination of physiological status, probability of patient 
survival and an estimation of patient deterioration.49 Whilst derivation studies demonstrate that the STM 
outperforms START at predicting survival, there four key limitations associated with it, a) it is designed to 
predict survival and not acuity; whilst the two outcome measures are related, they are not interchangeable and 
primary triage tools such as START, are not designed to predict this; 77 b) the STM was derived using trauma 
registry data and is therefore subject to the limitations previously described; c) concerns have been raised 
regarding the methodology used to determine survivability and deterioration;78,79 d) a logistical infrastructure 
including Information Technology facilities is required to support the use of the STM, which in a facility 
already inundated with patients from a major incident may be difficult to implement.78,80  Lastly as a proprietary 
system, the STM is only currently licenced for commercial use. 
 
The primary outcome of the study was mortality, with a secondary outcome being the requirement for 
ventilator use at any point during hospital stay.55 Unlike previous studies, statistical analysis was conducted 
using a comparison of area under the receiver operator characteristic (AUROC) curve.  For the primary 
outcome (mortality) the STM outperformed all other triage tools (AUROC = 0.883).  The AUROC is a 
combined measurement of sensitivity and specificity yielding a quantifiable measure of overall accuracy.  
However for triage tool performance, sensitivity is of greater importance than specificity, as the aim is to 
identify those patients in need of a life-saving intervention; therefore an assessment of triage tool sensitivity 
would be more suitable than the AUROC.55     
 
The use of mortality as the primary outcome metric is again of questionable relevance to primary triage tools, 
and this was raised in correspondence to the authors.77 In response, the authors provided an additional analysis 
using need for life-saving intervention (modified-Baxt criteria) as the outcome.  In this analysis the STM 
demonstrated the worst performance (AUROC = 0.615), with START and Careflight having equal 
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performance (AUROC = 0.717).77,81 Unfortunately, the authors did not include the MIMMS Triage Sieve or 
the Military/NARU Sieve for comparison within their analysis.55 
 
Using the Emergo Train System victim database, Badiali et al compared the performance of non-medically 
qualified ambulance crew members triaging patients with and without START.82 Using two cohorts of crew 
members, they demonstrated a statistically significant difference (p<0.01) in performance when START was 
used to identify Priority One patients (94.1% accuracy versus 70.5%). Sensitivities and specificities are not 
provided, but the authors describe 1554 expected Priority One patients, of whom 1598 were triaged by START 
as Priority One.  With a 94.1% accuracy of predicting this categorisation, this implies good sensitivity using 
START, with only minimal over-triage (n=44, 0.73%). Whilst not a comparative analysis with other triage 
tools, the study demonstrates the ability for an improvement in triage accuracy with even last-minute training.82  
 
Using a database of consecutive trauma patients (n=500), Neidel et al performed a comparative analysis of 
triage tools that included the assessment of palpable radial pulse (including modified START, ASAV and 
Careflight) at identifying Priority One patients.37 The modified START triage tool in this study differs to that 
used by Hashimoto et al, and includes life-saving interventions if required for the Priority One patient and an 
extension to the tool if the patient doesn’t fulfil Priority One criteria.20,52 Using SBP as a surrogate for palpable 
radial pulse, the authors compared triage tool performance when different SBP surrogates were used (ranging 
from 60mmHg to 130mmHg).  In addition to measuring sensitivity and specificity, the authors reported the 
Youden Index (a statistical marker combining sensitivity and specificity, ranging from -1 to +1) of the triage 
tools as their primary comparison.  As with AUROC, the Youden Index allows for an objective assessment of 
the overall performance of the triage tool utilising a combination of sensitivity and specificity.55 However, a 
triage tool with low sensitivity but high specificity may well have a higher Youden Index, leading to a more 
favourable result than a triage tool with high sensitivity and low specificity.  In the major incident setting the 
priority of triage is to identify those in need of a life-saving intervention, therefore the sensitivity of the triage 
tool is the more appropriate assessment.  
 
Across all patients included in the database (including non-trauma patients), the ASAV demonstrated the 
greatest Youden Index (0.64); by comparison the modified START had a value of 0.56 and Careflight had a 
value of 0.45.37  The performance of the triage tools (measured using the Youden Index) was typically greater 
when a lower SBP threshold was used to represent a palpable radial pulse.  However, the use of a SBP surrogate 
of 60mmHg may be an inappropriately low threshold.  Previous studies have documented a weak radial pulse 
at SBP of 99mmHg, 38 and it is therefore likely that very few patients would have a palpable radial pulse at a 
SBP of 60mmHg. Although the Priority One patient is described as being in vital threat with the consequence 
of needing immediate treatment, no further description is provided, with categories assigned by a “group of 
experienced doctors in disaster medicine”.  This suggests that a subjective assessment was used to determine 
Priority One criteria (rather than an objective assessment), and this, in addition to the statistical methodology 
reported, represents a limitation of the study.  
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Prospective Studies 
The prospective analysis of major incident triage tools using consecutive trauma patients is limited to just three 
adult studies.19-21  The first was a pilot study to explore the potential benefit of the modified START triage 
tool, with EMS personnel prospectively applying it to consecutive adult trauma patients.20  EMS triage 
categories were then compared with the ‘gold standard’ categories applied retrospectively in hospital with 
Priority One patients defined by the need for a life-saving intervention. Absolute numbers of EMS and ‘gold 
standard’ triage categorisations are not provided, but the authors report 50.0% sensitivity and 97.1% specificity 
with the modified START, producing an under and over-triage rate of 50.0% and 40.0% respectively.  A 
limitation of this study is the small number of patients included (n=151), but it is acknowledged that it was a 
pilot study in order to determine the feasibility of the modified START; it was not the authors’ aim to undertake 
a comparative analysis.   
 
The second prospective study took place in the deployed military environment with the authors comparing the 
performance of existing triage tools to a modified version of the Military Sieve (Modified Military Sieve).19 
Using a list of previously defined life-saving interventions18 to define the Priority One patient they found the 
Modified Military Sieve outperformed all existing triage tools (military and civilian) at predicting the need for 
life-saving intervention with the greatest sensitivity (68.3%), whilst maintaining an acceptable level of 
specificity (79.4%).19,83  In comparison, the existing Military/NARU Sieve, had lower sensitivity (63.3%) but 
demonstrated a slight increase in specificity (82.4%).  Although demonstrating greater specificity than the 
Modified Military Sieve, both START and Careflight had low sensitivities (51.8% and 44.7% respectively).  
Whilst the study provides a comparative analysis of existing triage tools, it is limited by the cohort of patients 
studied – predominately young, fit males with limited medical co-morbidities injured by explosion or gunshot 
wounds.  Although terrorism related incidents have the potential to produce similar mechanisms to those 
observed in this study,84 this mechanism is not representative of that likely to be seen in a civilian major 
incident.  
 
The final study involved the retrospective analysis of prospectively collected data from 500 consecutive 
Helicopter Emergency Medical Service missions.21  Using recorded physiology, patients were triaged using 
multiple triage tools (PRIOR, modified START, ASAV, START, Careflight and MIMMS Triage Sieve) and 
comparison was made with triage categorisations defined a priori by a panel of 19 doctors. START and 
modified START were virtually identical and comparable to the ASAV (sensitivity (all): 78%, specificity 
(range): 80-83%).21  The PRIOR triage tool had the greatest sensitivity (90%), but the lowest specificity (54%), 
with the MIMMS Triage Sieve having the worst performance of all tools (34% sensitivity, 96% specificity).  
Careflight had a sensitivity and specificity of 70% and 87% respectively.  As explained by the authors, a 
limitation of the study was the inclusion of Priority Four patients, those “without chance of survival”, with 
Priority One patients. Additionally, whilst the study has the benefit of including multiple triage tools, it doesn’t 
include the Military/NARU Sieve (introduced in 2015) for comparison.45 
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Simulation studies 
The last category of studies comparing triage tool performance uses a variety of methodologies, from paper 
based or table-top triage exercises to simulation using actors or patient mannequins and more recently, virtual 
reality to replicate the major incident environment.47,69-71,85 Chen et al compared the performance of students 
triaging patients in a table-top exercise both before and after education was given on START.72 Although the 
study was limited by a small number of participants (n=30), the use of a single triage tool and reporting overall 
triage accuracy (all triage categories), it demonstrated the feasibility of conducting low-fidelity triage training, 
resulting in an improvement in overall triage performance (pre-education accuracy 55.8%, post-education 
accuracy 87.8%).72   Using a larger study population of EMS paramedics (n=109), Risavi et al demonstrated 
comparable pre and post education accuracy (55% and 76% respectively).  Testing knowledge retention at one 
month, accuracy was maintained at 75%, not only demonstrating agreement with Chen that simple training 
improves immediate accuracy using START, but that this accuracy can be maintained for at least one month 
afterwards.86 
 
Again, using a paper-based study, Kilner and Hall compared the performance of providers (n=82) conducting 
triage both with and without aide-memoires.85 Unlike Chen, participants were non-medical professionals (UK 
police firearms officers) and had not received prior training in triage.  Participants were given simple clinical 
details (e.g. “18-year old female, large flap laceration to upper arm, respiratory rate 26, pulse 115) of 30 
patients (20 adult, 10 paediatric) and asked to triage them into the categories, Priority One, Two or Three.  On 
completion, participants were then given a copy of the MIMMS Triage Sieve (and paediatric version) and 
instructed to repeat the process.  Participants were given 15-minutes for both exercises, equating to 30-seconds 
per patient. The nature of the study meant that it was not possible to calculate the performance of the MIMMS 
Triage Sieve, as this was used a priori by the authors to define the ‘gold standard’ categorisations.  However, 
this study does demonstrate that non-EMS providers are able to effectively triage using the MIMMS Triage 
Sieve aide memoire with no prior training (mean correct triage categories 24.41/30, range 15-30).85 A number 
of terrorist related major incidents including the London 7/7 bombings and the Paris Bataclan attacks have 
occurred since this study was conducted.  These have all highlighted that the incident scene is likely to be a 
hostile and unsafe environment, preventing access (certainly initially) by a conventional EMS response.87 In 
these circumstances, it is very likely that the initial triage may be performed by non-EMS providers.84,88  
 
Using the same paper triage exercise given to UK police firearms officers, Cuttance et al performed a similar 
study with a large group of EMS paramedics (n=292) to determine whether there was an improvement in triage 
accuracy with intervention (MIMMS Triage Sieve training, use of an aide memoire, or both), using no 
intervention as a control.23 Triage accuracy was significantly (p<0.001) lower in the no intervention group 
(47%), compared to 77% with training and 90% with an aide memoire; both under and over-triage were 
greatest in the group triaging with no intervention. In common with the study by Kilner et al, there are 
limitations to this work, primarily that the outcome measurement is agreement with the authors’ classifications 
(determined a priori), rather than the MIMMS Triage Sieve’s ability to detect Priority One patients on the 
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basis of their acuity and need for life-saving intervention.  What the study does add, is that even for EMS 
paramedics the provision of an aide memoire allows for more accurate triage, which in a stressful environment 
such as a major incident, is essential.23,85  
 
The use of actors in major incident simulation allows for greater fidelity and realism compared to paper-based 
triage exercises.89 Utilising a combination of actors and mannequins to represent victims from a train 
explosion, Schenker et al determined the triage performance of EMS providers (n=40) using START.  130 
simulated patients were involved in the incident, with 30 categorised as Priority One; START correctly 
identified 20 Priority One patients yielding a sensitivity of 67% and an under-triage rate of 33%.70 Identical 
results were observed in a similar study by Ingrassia et al, where using a simulated building explosion, EMS 
providers (n=17) used START to triage 112 patients (15 Priority One).89  
 
Navin et al used a simulated building collapse with 99 patients (combination of actors and patient mannequins), 
to assess the performance of EMS responders using the STM and START.90 The two tools were compared 
using accuracy with triage categories designated a priori based on the START classification, and the overall 
time required to perform the triage process. The authors reported that the STM was more accurate than START 
(91.7% versus 71.0%), with START under-triaging 17 Priority One patients (out of 25).  Although the speed 
to triage individual patients was quicker using START, the time taken to clear the scene was quicker with 
STM.  The study is associated with limitations; firstly physiological measurements were not taken by the EMS 
responders – values were simply read out by the actors, thus limiting the ability to reliably comment on the 
speed of triage.  Secondly, the outcome measurement was agreement with triage categorisations designated a 
priori and not the need for life-saving intervention. 
 
During a major incident training course, Rehn et al utilised four bus crash scenarios to assess the performance 
of emergency services providers (including non-medical providers) using the MIMMS Triage Sieve.4 
Performance was assessed before and after training was given on the use of the MIMMS Triage Sieve, with 
accuracy determined by agreement with the triage categories that were allocated a priori. Whilst there is a lack 
of detailed performance characteristics, the authors report that before training (i.e. when no triage tool was 
used) participants demonstrated mean rates of under and over-triage of 12.2%; subsequently when the MIMMS 
Triage Sieve was used, both under and over-triage was zero.  In addition to an overall improvement in accuracy, 
the authors report that the mean time taken to conduct the triage exercise was reduced when the MIMMS 
Triage Sieve was used (22 minutes versus 10 minutes).  This study supports previous work in demonstrating 
that training in triage methods leads to an improvement in overall triage performance.  However, as with other 
studies is associated with the limitations of not being a comparative analysis and performance being 
determined by agreement with a priori categorisations.4,23,85  
 
Using simulation with patient mannequins, Wolf et al compared the performance of providers (EMS and non-
EMS) using the ASAV with triage categories determined a priori.47 Irrespective of the background of the 
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providers, the ASAV demonstrated both high sensitivity (87.4%) and specificity (91.0%) at identifying Priority 
One patients.  Whilst under and over-triage rates of 9.7% and 6.4% respectively are reported, it is not clear 
how these are derived; with PPV not reported it is not possible to determine the over-triage rate (using the 
method described by Peng).73 However, if 1-sensitivity is used to calculate under-triage, this would yield an 
under-triage rate of 12.6%, which although comparable to 9.7% is higher than that reported.  Additionally, 
comparison was made to the performance of the modified START during a separate major incident simulation 
exercise (sensitivity 88.2%, specificity 93.9%), and found to be comparable.47,91 There are limitations to the 
study, which the authors appropriately describe, notably the use of patient mannequins where the actual clinical 
condition of the patient cannot be replicated.47  In addition, in keeping with a number of the studies previously 
described, the outcome measurement was agreement with previously assigned triage categorisations, not the 
need for a life-saving intervention.  The authors have correctly limited the conclusions to it being a ‘proof of 
concept’ study of the ASAV and that it can be applied, but that there is a lack of evidence currently to support 
it assessing patients clinically.47  
 
Virtual reality is an additional modality that has been used to analyse triage tool performance; despite high 
fidelity simulation products available for personal use (e.g. flight simulators), few studies have looked at its 
benefit for the major incident context.71,92 Recently, Jain et al used virtual reality simulation to reproduce a 
historical train crash and compare the performance of EMS paramedic students using START and STM.22 The 
primary aim of the study was to compare the total triage time for each tool, in keeping with Navin et al, START 
was found to be the quicker of the two tools (11 minutes 49 seconds versus 10 minutes 9 seconds), but this did 
not reach statistical significance (p=0.07).90 Whilst the study was limited by a lack of defined outcome 
measurement (ISS, need for life-saving intervention, mortality) and a lack of performance characteristics 
(sensitivity and specificity) for either triage tool, it demonstrated the feasibility of virtual reality simulating the 
major incident environment.   
 
SALT Triage 
In response to a lack of evidence to support existing triage tools, the SALT triage method (Figure 1.4) was 
derived by a working group from the USA and introduced as an alternative to START.93  As with existing 
triage tools, SALT categorises patients as Priority One, Two or Three, but does this through a series of 
subjective triage assessments (does the patient make purposeful movements? Is there a peripheral pulse? Is 
there any evidence of respiratory distress?).  
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Figure 1.4. SALT triage tool.93  
 
SALT is a novel triage tool, there are therefore a limited number of studies assessing its performance, all of 
which use simulation.  The initial pilot study was conducted using a simulated plane crash scenario with 52 
patients (16 Priority One (30.8%)).94  Having received training, two EMS paramedics performed the triage 
assessments under timed conditions using SALT, demonstrating 100.0% sensitivity and 80.5% specificity, 
correlating with zero under-triage and 30.5% over-triage.73,94 A limitation of this pilot study, which the authors 
duly acknowledge, is the outcome measurement, which is agreement with the triage category assigned a priori 
by the authors themselves using SALT rather than the need for life-saving intervention.94  
 
Using a paper based triage exercise Deluhery et al compared the performance of EMS paramedics using SALT 
immediately following training and then four months later.95 As with the pilot study the outcome assessment 
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was agreement with the authors’ triage category and not the need for life-saving intervention.94 For both tests, 
triage accuracy exceeded 80% with no statistical significance between them, demonstrating retention of 
knowledge and ability to use SALT four months after initial training.  Overall sensitivities and specificities 
are not given for SALT, but individual accuracy for each patient is, with the paramedics reaching between 74-
93% accuracy at identifying Priority One patients.   
 
Whilst acknowledging that the aim of the study was to determine the ability of EMS paramedics to retain the 
knowledge to use SALT, there are limitations to the study, including the choice of outcome as previously 
discussed.  Whereas the pilot study was conducted within a specified time period to simulate the potential time 
pressures of triage at a major incident, there was no time limit in this study.94 The study also demonstrated a 
potential weakness of the SALT methodology with one patient being considered either Priority One or Two, 
and this is likely to be as a result of a lack of objective physiological assessment in the tool, which could lead 
to an increase in under or over-triage.95 Similar levels of skill retention were demonstrated by Nilsson et al, 
who conducted triage assessments for non-EMS providers (firefighters); those who received training out-
performed those who didn’t, and when the study was repeated six months later (without refresher training), 
the firemen demonstrated that they had retained triage skills using SALT.96  
 
Using virtual reality, Cone et al compared the performance of SALT with the triage algorithm from the Smart 
Incident Command System.97  Creating a scenario involving a bus crash, EMS students (n=22) triaged 25 
patients (10 Priority One) using SALT and then Smart three months later. Triage accuracy was significantly 
higher using Smart (93.0% versus 70.0%, p<0.001), with lower rates of under-triage (5.1% versus 23.2%, 
p<0.05) and over-triage (1.8% versus 6.8%, p<0.001).  Additionally, using Smart was significantly faster, with 
a mean total triage time of 11 minutes 59 seconds compared to SALT which was almost double, at 21 minutes 
3 seconds, (p<0.001).  There are limitations associated with this study, which the authors describe including 
the outcome measurement not being need for life-saving intervention.  In addition, whilst the Smart triage tool 
demonstrated improved performance, it has not been described elsewhere and appears to be a combination of 
the traditional START and original MIMMS Triage Sieve.  Whilst the authors suggest that it is in use in the 
UK, there is no other supporting evidence for this, with NARU directing that major incident triage be 
conducted using the NARU sieve since 2015.45  Lastly, the authors combined expectant patients with those 
recorded as Priority One, which represents an additional study weakness that has been previously described.  
 
Additional studies using simulation methods, paper triage exercises and both prospective and retrospectively 
collected trauma data exist, including those relating to the performance of paediatric major incident triage tools 
and the adult Priority Three cohort.53,66,98,99 As  this thesis focuses on the adult population and identifying those 
in need of life-saving intervention, these studies have not been included in this literature review. In addition, 
studies comparing differing methods of triage tool implementation (e.g. using triage tags versus glow sticks) 
have not been included as these are not considered directly relevant to the research question being 
investigated.100 In order to concentrate on studies exploring the performance of major incident triage tools, 
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those studies looking at the ability of the physiological parameters101,102  to predict the requirement for major 
trauma centre care in the case of field triage have been excluded from this literature review. 
 
Summary 
In summary, the literature consists of a number of studies looking at the performance of various triage tools in 
multiple different environments; there is limited correlation between these studies, with a wide variety of 
performance demonstrated by each triage tool.  A number of different outcomes are reported, including 
mortality, ISS, accuracy with triage categorisations allocated a priori and the need for life-saving intervention; 
with a lack of a standardised outcome, comparison between studies is difficult.18,50-55 Indeed, there is also a 
lack of standardisation with how performance is reported, with overall accuracy, AUROC, Youden Index and 
sensitivity and specificity again making the comparison between studies more difficult.12,15,18,20,55 
 
For a primary major incident triage tool, the need for life-saving intervention is the most important outcome, 
with sensitivity the most important metric.  The evidence is limited to a small number of studies that compare 
more than one triage tool, and this is further reduced when the need for life-saving intervention is used as the 
outcome measurement.  This thesis intends to bridge the gap in major incident triage research and to derive an 
evidence-based physiological triage tool that demonstrates improved performance characteristics at predicting 
need for life-saving intervention in the adult trauma population.  This has not previously been undertaken, and 
this thesis aims to provide the much-needed evidence-base for major incident triage.  
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Main findings 
• The Delphi panel considered 32 interventions to be life-saving. 
• Interventions were considered to be life-saving if they were performed immediately or within an hour. 
 
Motivation for conducting study 
Major incidents occur worldwide on a regular basis and for healthcare providers are defined as an incident 
where the “number, severity, or type of live casualties requires extraordinary resources”.3 Triage is the process 
of prioritising patients on the basis of their clinical acuity and is a key principle in the effective management 
of a major incident.  Within the UK, both military and civilian major incident agencies utilise a two-stage 
approach to major incident triage, with an initial ‘sieve’ followed by a secondary ‘sort’.3  Both of these 
processes assign casualties to one of three categories: 
 
Triage Category Meaning 
Priority One (P1) Require immediate life-saving intervention 
Priority Two (P2) Require medical or surgical intervention within 2-4 hours 
Priority Three (P3) Treatment can be delayed >4 hours 
Table 2.1: Definition of triage categories.3 
 
Whilst the MIMMS course provides this description, there is no definition as to what constitutes a ‘life-saving 
intervention’.  In order to compare the performance of existing triage tools and indeed develop future triage 
tools, an appropriate benchmark is required with which to validate them against.  In the past, trauma triage 
tools have been validated against the ISS, and their ability to identify the major trauma patient defined by an 
ISS >15.32 The ISS is a retrospective measurement, being calculated following investigation and/or surgery 
and does not reflect a patient’s clinical acuity or their resource needs; and so, within the major incident context, 
represents a flawed metric with which to compare triage tool performance.57  
 
The concept of defining the Priority One patient in terms of requirement for a life-saving intervention was 
introduced in the early 2000’s, with a modification of the Baxt field triage criteria (Table 2.2).12,32 
Subsequently, interventions defining the Priority One patient were refined for the paediatric population and 
the adult military patient.18,57  Whilst a number of the interventions described by Horne for the adult military 
population will be transferable to the civilian population, they may not reflect current civilian practice (e.g. 
large volume crystalloid resuscitation).18  Additionally, not all civilian interventions (such as interventional 
radiology) are deployable in all military environments and so were not included by Horne as life-saving 
interventions.18 With research in this cohort of patients continuing, our approach to managing the seriously 
injured patient continues to develop.  In order to derive and validate a new major incident triage tool it is 
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1. Non-orthopaedic operative procedure within 6 hours of admission with positive operative findings (including thoracotomies, 
laparotomies, pericardial windows, craniotomies and burr-hole placement). 
2. Fluid resuscitation of greater than 1000ml or transfusion to maintain a systolic blood pressure of more than 89mmHg. 
3. Invasive central nervous system monitoring, with a positive head computed tomography scan (significant extradural, subdural 
or intraparenchymal haemorrhage) or documented raised intra-cranial pressure. 
4. Procedure to maintain a patent airway or requirement for assisted ventilation. 
5. Decompression of a tension pneumothorax.  
Table 2.2: Modified-Baxt criteria.12 
 
Aim 
The aim of this study was to determine what constitutes a life-saving intervention in the context of the adult 
trauma patient during a major incident. 
 
Objectives 
1. Obtain expert consensus as to what constitutes a life-saving intervention at a major incident. 
2. Determine the time period in which an intervention is considered life-saving. 
 
A copy of the published paper follows over the next five pages.
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Discussion of study 
Supplementary methods 
Consensus methodology is frequently used in the healthcare setting and is a means of gathering agreement on 
potentially controversial or ambiguous topics. Three common consensus methods exist; the nominal group 
process, the consensus development panel and the Delphi process.103 A modified Delphi process was used in 
this study to determine consensus as to what constitutes a life-saving intervention for the adult patient in the 
major incident setting. 
The Delphi process was first described by the RAND corporation in the 1950s for conducting military research; 
using a panel of seven experts in a variety of fields, they determined the specific requirements for military 
operations.104 It has frequently been used in a medical setting, with numerous examples in the Emergency 
Medicine literature, encompassing a wide range of subjects from prioritisation of curriculum content in 
speciality training through to determining transfer criteria for abdominal aortic aneurysms.105,106  
Where both the nominal group process and consensus development panel involve face to face contact, a key 
principle of Delphi methodology is the requirement for participant anonymity.  This conveys two distinct 
advantages; firstly it removes any geographical barriers to meeting, thus allowing for greater participant 
involvement, and secondly, participants in face to face meetings may face participation bias, and have their 
opinions influenced by other participants. By removing physical meetings, this participation bias is reduced, 
and allows for a more genuine representation of the individual participant.107 
The principles of a Delphi process involve selecting a panel of experts, then through a series of rounds seeking 
consensus opinion on the subject in question. Following each round, feedback is provided to the participants, 
allowing them to review their responses in the subsequent round. This is continued for either a pre-determined 
number of rounds or until a pre-defined level of consensus has been reached.  
Participant Selection 
The expert panel was drawn from the work locations of the authors: the UK and Republic of South Africa.  
Seventy-four potential participants were identified by the authors (JV, JES and LAW) and an email invitation 
was sent to these to invite them to participate in the study.  The criteria for participant selection were: 
1. Held positions of authority within the sphere of emergency planning 
2. Involvement in Major Incident academic work 
3. Specialists in the management of major incidents, major trauma or emergency care of patients 
4. Current MIMMS course faculty 
5. Consultant Advisors, Defence Consultant Advisors or Defence Professors in specialities involved 
in deployed trauma care with the UK Defence Medical Services (DMS)  
Only those responding to the initial invitation were included in the study, and no additional participants were 
included during subsequent rounds.  
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Round One 
Traditionally the first round of a Delphi involves asking the panel open, descriptive questions around a topic 
with the aim of producing a questionnaire with which consensus can subsequently be sought.  One of the 
difficulties associated with Delphi methodology is participation fatigue, where participants fail to complete 
subsequent rounds of the Delphi process.  In order to mitigate and reduce the potential for this effect, a modified 
approach was taken, with the initial round consisting of a set of previously defined list of life-saving 
interventions which had been derived by a group of eight UK DMS consultants deployed in an operational 
military setting (Table 2.3).18  
Airway 
1. Intubation for low GCS or airway obstruction (actual or impending). 
2. Surgical airway. 
3. Oral or nasal airway for impaired ventilation with GCS < 13. 
Breathing 
4. Any kind of thoracostomy (needle, finger, tube). 
5. Positive pressure ventilation for ventilatory inadequacy. 
Circulation 
6. Tourniquet or haemostatic agents applied to control bleeding. 
7. Central line or intraosseous access for resuscitation.  
8. > 4 units blood products, > 4 litres crystalloids or inotropes given. 
9. Proximal amputations. 
10. Fasciotomies for actual/suspected compartment syndrome. 
11. Laparotomy or thoracotomy/pericardial window. 
12. Ex-fix to pelvis or open femur fracture for haemorrhage control. 
13. Surgical proximal vascular control. 
14. Peri-arrest rhythm or cardiac arrest requiring Advanced (Cardiac) Life Support. 
Disability 
15. Immediate neurosurgery. 
16. Spinal nursing for proven unstable cervical spine fracture. 
Environment 
17. Active re-warming for initial temperature less than 32° Celsius. 
18. Chemical antidotes (organophosphates, carbon monoxide, cyanide). 
Table 2.3: Life-saving interventions defined by Horne et al.18 
Using a four-point Likert scale (Strongly Agree, Agree, Disagree, Strongly Disagree) participants reported the 
level of agreement with each intervention they considered to be life-saving.  In keeping with other examples 
of Delphi studies in the literature, consensus was set a priori at 70% - statements reaching consensus were 
removed from subsequent rounds.106,108,109  In addition to the list shown in Table 2.3, participants were given 
the opportunity to include additional interventions that they considered to be life-saving.  Nine additional 
interventions were offered (Table 2.4) and were automatically included in round two for participants to review. 
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1. Application of a pelvic binder. 
2. Administration of tranexamic acid. 
3. Correction of low blood glucose levels. 
4. Administration of seizure-terminating medications. 
5. Administration of thrombolysis/use of percutaneous coronary intervention. 
6. Application of a chest seal. 
7. Craniotomy/burr hole insertion. 
8. Acute haemofiltration. 
9. Decompressive craniectomy. 
Table 2.4: Additional life-saving interventions offered by Delphi panel following round one. 
Timing of interventions 
Baxt et al stated that one criteria for defining the major trauma patient was non-orthopaedic operative 
intervention within the first 24 hours of injury.110  When subsequently applied to the major incident context, 
Garner reduced the time period for non-orthopaedic operative intervention to the initial six hours.12 Whilst 
MIMMS states that the Priority One patient requires a life-saving intervention ‘immediately’, there is no time 
period to quantify ‘immediately’ and so one may speculate that it is likely to represent intervention within the 
initial two hours; as beyond two hours patients are categorised as Priority Two.3 As an extension to the Delphi 
process, consensus was sought to determine the time period in which an intervention was considered to be life-
saving.  Again, using a four-point Likert scale, and with consensus set at 70%, participants were asked to state 
their agreement with the time periods in Table 2.5.  
1. A life-saving intervention is one that is required immediately. 
2. A life-saving intervention is one that is required within one hour.  
3. A life-saving intervention is one that is required within two hours.  
4. A life-saving intervention is one that is required within three hours.  
5. A life-saving intervention is one that is required within four hours.  
6. A life-saving intervention is one that is required within six hours.  
7. A life-saving intervention is one that is required within eight hours.  
8. A life-saving intervention is one that is required within twelve hours.  
9. A life-saving intervention is one that is required within twenty-four hours.  
10. There is no time limit for an intervention to be considered life-saving. 
Table 2.5: Timing of life-saving interventions. 
Conduct of the study 
In keeping with a systematic review of Delphi framework described by Boulkedid, the Delphi process was 
conducted online over three rounds using SurveyMonkeyÒ (SurveyMonkey Inc. Palo Alto, California, USA) 
with data being exported to and analysed in Microsoft ExcelÒ by the author (JV).111 Both individual and 
collective feedback was provided to participants before subsequent rounds commenced.  Each online round 
remained active for approximately one month, with the study taking place between July and December 2013.  
Participants were sent a reminder during the round in order to ensure maximal participation.  
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Supplementary results 
Of the 74 potential participants identified, only 30 (40.5%) responded to the invitation email and agreed to 
take part in the study.  Of these, 24 completed all three rounds giving an 80.0% completion rate (Figure 2.1).  
Whilst 40.5% participation is low, the final number of participants exceeds the median number (n=17, IQR 
11-31) of participants reported in a systematic review of the Delphi process by Boulkedid et al.111  The majority 
of participants were specialists in Emergency Medicine (n=21), with Anaesthesia (n=2) and Surgery (n=1) 
making up the remainder.   
Over the three rounds a total of 50 interventions were reviewed by the Delphi panel, with 32 (64.0%) reaching 
positive consensus and being considered life-saving.  Six (12%) were considered to not be life-saving and were 
therefore removed from the process. 12 (24%) interventions failed to reach consensus. Of ten statements 
relating to timing of life-saving interventions, two reached positive consensus (interventions should be 
performed immediately and within one hour) and four reached negative consensus (interventions are 
considered life-saving up to six, eight, twelve or twenty-four hours) - see Figures 2.2, 2.3 and Table 2.1.  
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Figure 2.2: Flow of interventions during each round of the Delphi process.24 
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Intubation for a reduced GCS is a life-saving intervention. 52% 48%  52% 48%  58% 42%  
Intubation for actual airway obstruction is a life-saving intervention. 92% 8% Removed       
Intubation for impending airway obstruction is a life-saving intervention. 76% 24% Removed       
The insertion of a supra-glottic airway device for a reduced GCS is a life-saving intervention. 36% 64%  36% 64%  42% 58%  
A surgical airway for a reduced GCS is a life-saving intervention. 24% 76% Removed       
A surgical airway for actual airway obstruction is a life-saving intervention.  96% 4% Removed       
A surgical airway for impending airway obstruction is a life-saving intervention.  52% 48%  76% 24%     
The insertion of an OPA in a patient with impaired ventilation and a GCS <13 is a life-saving 
intervention. 
40% 60%  40% 60%  43% 57%  
The insertion of a NPA in a patient with impaired ventilation and a GCS <13 is a life-saving 
intervention. 
40% 60%  36% 64%  33% 67%  
Needle thoracocentesis is a life-saving intervention.  84% 16% Removed       
Finger thoracostomy is a life-saving intervention.  92% 8% Removed       
Tube thoracostomy is a life-saving intervention.  64% 36%  72% 28% Removed    
Application of a chest seal (commercial/improvised) is a life-saving intervention.    76% 24% Removed    
PPV for ventilator inadequacy is a life-saving intervention.  96% 4% Removed       
The Application of a tourniquet to control haemorrhage is a life-saving intervention. 96% 4% Removed       
The use of haemostatic agents to control haemorrhage is a life-saving intervention. 79% 21% Removed       
The insertion of a central line for resuscitation purposes is a life-saving intervention. 25% 75% Removed       
The insertion of an intra-osseous device for resuscitation purposes is a life-saving intervention. 87% 13% Removed       
Receiving uncross-matched blood is a life-saving intervention. 96% 4% Removed       
Receiving >4 units of blood/blood products is a life-saving intervention. 83% 17% Removed       
Receiving > 4 or more litres of crystalloid is a life-saving intervention. 29% 71% Removed       
The use of inotropes is a life-saving intervention. 63% 37%  44% 56%  42% 58%  
Administration of tranexamic acid is a life-saving intervention.    60% 40%  70% 30% Removed 
Application of a pelvic binder is a life-saving intervention.    88% 12% Removed    
Thrombolysis or PCI is a life-saving intervention.    80% 20% Removed    
A proximal amputation is a life-saving intervention. 56% 44%  48% 52%  63% 37%  
A fasciotomy for suspected compartment syndrome is a life-saving intervention. 43% 57%  24% 76% Removed    
A fasciotomy for actual compartment syndrome is a life-saving intervention. 62% 38%  60% 40%  58% 42%  
A laparotomy in the context of trauma is a life-saving intervention. 96% 4% Removed       
A thoracotomy in the context of trauma is a life-saving intervention. 96% 4% Removed       
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The application of EX-FIX to a pelvic fracture for haemorrhage control is a life-saving 
intervention. 
56% 44%  44% 56%  46% 54%  
The application of EX-FIX to a femoral fracture for haemorrhage control is a life-saving 
intervention. 
46% 54%  46% 56%  42% 58%  
The use of ALS/ACLS protocols/management for a patient in a peri-arrest rhythm is a life-
saving intervention. 
91% 9% Removed       
The use of ALS/ACLS protocols/management for a patient in a cardiac-arrest rhythm is a life-
saving intervention. 
87% 13% Removed       
The use of interventional radiology to control haemorrhage is a life-saving intervention.  79% 21% Removed       
The insertion of a intra-cranial pressure monitoring device is a life-saving intervention. 17% 83% Removed       
Neurosurgery for the evacuation of a intra-cranial haematoma is a life-saving intervention. 96% 4% Removed       
Spinal nursing for a C1-3 fracture is a life-saving intervention. 75% 25% Removed       
Spinal Nursing for a C4-7 fracture is a life-saving intervention. 62% 38%  60% 40%  58% 42%  
Spinal nursing for a bilateral facet fracture of the cervical vertebra is a life-saving intervention. 48% 52%  60% 40%  58% 42%  
Craniotomy/Burr Holes are a life-saving intervention.    87% 13% Removed    
A decompressive craniectomy for diffuse axonal injury is a life-saving intervention.    20% 80% Removed    
Active rewarming for an initial core temp < 32 degrees celcius is a life-saving intervention. 83% 17% Removed       
Passive rewarming for an initial core temp < 32 degrees celcius is a life-saving intervention. 50% 50%  70% 30% Removed    
The administration of chemical antidotes is a life-saving intervention. 96% 4% Removed       
The administration of seizure terminating medication is a life-saving intervention.    80% 20% Removed    
The correction of low blood glucose is a life-saving intervention.    92% 8% Removed    
Acute haemofiltration is a life-saving intervention.    63% 37%  67% 33%  
 
Timing of interventions 
A life-saving intervention is one that is required immediately. 92% 8% Removed       
A life-saving intervention is one that is required within one hour. 75% 25% Removed       
A life-saving intervention is one that is required within two hours. 58% 42%  64% 36%  61% 39%  
A life-saving intervention is one that is required within three hours. 50% 50%  36% 64%  39% 61%  
A life-saving intervention is one that is required within four hours. 46% 54%  32% 68%  39% 61%  
A life-saving intervention is one that is required within six hours. 38% 62%  24% 76% Removed    
A life-saving intervention is one that is required within eight hours. 33% 67%  12% 88% Removed    
A life-saving intervention is one that is required within twelve hours. 33% 67%  16% 84% Removed    
A life-saving intervention is one that is required within twenty-four hours. 29% 71% Removed       
There is no time limit for an intervention to be considered life-saving. 46% 54%  60% 40%  67% 33%  
Table 2.6: Results of Delphi process. 
GCS - Glasgow Coma Scale, OPA – Oropharyngeal airway, NPA – Nasopharyngeal airway, PCI – percutaneous intervention, EX-FIX – external fixator device, ALS – advanced life support,  
ACLS – advanced cardiac life support 
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Figure 2.3: Clinical interventions considered life-saving.24 
For interventions not reaching consensus (either positive or negative), the median and interquartile ranges 
(IQR) were calculated to further analyse the data (Table 2.7). To do this the Likert scale was converted to a 
numerical scale (1 – Strongly Agree, 2 – Agree, 3 – Disagree, 4 – Strongly Disagree).  Measuring for central 
tendency is an alternative method described for determining consensus in Delphi studies and when a reduced 
Likert scale is used, such as in our study, an IQR of one or less is suggestive of consensus.104  When the results 
were analysed, with the exception of two interventions (oropharyngeal (OPA) and nasopharyngeal airway 
(NPA) insertion), all other clinical interventions reached consensus (six positive and four negative).  Although 
the IQR was two, indicating consensus hadn’t been reached, the median for both OPA and NPA insertion was 
three, indicating that the panel had a tendency to disagree that these were life-saving interventions.   
When measures of central tendency were calculated for the time statements, consensus was reached that a life-
saving intervention is required within two hours and no longer. For the statement “there is no time limit for an 
intervention to be considered life-saving”, the median score indicated agreement, but this did not reach 
consensus. 
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Intervention Median 
(IQR) 
Intubation for a reduced GCS is a life-saving intervention. 2 (1) 
The insertion of a supra-glottic airway device for a reduced GCS is a life-saving intervention. 3 (1) 
The insertion of an OPA in a patient with impaired ventilation and a GCS <13 is a life-saving intervention. 3 (2) 
The insertion of a NPA in a patient with impaired ventilation and a GCS <13 is a life-saving intervention. 3 (2) 
The use of inotropes is a life-saving intervention. 3 (1) 
A proximal amputation is a life-saving intervention. 2 (1) 
A fasciotomy for actual compartment syndrome is considered a life-saving intervention. 2 (1) 
The application of an EX-FIX to a pelvic fracture for haemorrhage control is a life-saving intervention. 3 (1) 
The application of an EX-FIX to a femoral fracture for haemorrhage control is a life-saving intervention. 3 (1) 
Spinal nursing for a C4-7 fracture is a life-saving intervention. 2 (1) 
Spinal nursing for a bilateral facet fracture of the cervical vertebra is a life-saving intervention. 2 (1) 
Acute haemofiltration is a life-saving intervention. 2 (1) 
Timing of interventions 
A life-saving intervention is one that is required within two hours. 2 (1) 
A life-saving intervention is one that is required within three hours. 3 (1) 
A life-saving intervention is one that is required within four hours. 3 (1) 
There is no time limit for an intervention to be considered life-saving. 2 (2) 
Table 2.7: Measures of central tendency for interventions not reaching consensus. 
After this study was published, Lerner et al produced a set of criteria with which to evaluate mass casualty 
incidents, of which there is considerable overlap with this study.56 The work by Lerner et al defined the 
immediate or Priority One category of patients as requiring one of nine groups of interventions within varying 
time periods (Table 2.8). 
1. Neurological, vascular or haemorrhage-control surgery to the head, neck, or torso performed within 4 hours of hospital arrival. 
2. Limb-conserving surgery performed within 4 hours of arrival at a hospital on a limb that was found to be pulseless distal to the 
injury prior to surgery. 
3. Escharotomy performed on a patient with burns within 2 hours of arrival at a hospital. 
4. Chest tube placed within 2 hours of arrival at a hospital. 
5. An advanced airway intervention (e.g. intubation, laryngeal mask airway, surgical airway) performed in the pre-hospital setting 
or within 4 hours of arrival at a hospital. 
6. Intravenous vasopressors administered within 2 hours of arrival at a hospital. 
7. Arrived in the ED with uncontrolled haemorrhage. 
8. Chemical exposure requiring additional treatment with antidotes in the ED or in the hospital within 4 hours of arrival that was 
provided to correct symptoms and not solely for patient comfort and/or the relief of minor symptoms (e.g. rhinorrhoea). 
9. Patient who required EMS initiation of cardiopulmonary resuscitation (i.e. had a cardiac arrest) during transport, in the ED, or 
within 4 hours of arrival at a hospital. 
Table 2.8: Definition of the ‘immediate’ patient, Lerner at al.56 
When the two studies are compared, there are a number of similarities, but equally a number of differences, 
such as the use of vasopressors or laryngeal mask airways, both of which failed to reach consensus, with a 
median score disagreeing that they should be considered life-saving.  There are a number of limitations to this 
study, and these include a small number of participants (n=13), with only 11 completing all three rounds.  
Additionally, the panel interviewed was from a single country (USA), with less heterogeneity than the panel 
involved in this study.
Page 53 of 174 
Supplementary limitations 
As discussed in the paper, whilst this study was conducted and reported in line with suggestions from a 
previous systematic review on Delphi methodology there are still a number of limitations.111  The identification 
of an expert panel is a subjective assessment and one that was made by the authors (JV, JES and LAW), which 
itself is a limitation.  Although attempts were made to include clinicians from a variety of specialities to 
increase panel heterogeneity, the overwhelming majority were emergency medicine specialists.  Whilst 
emergency medicine specialists may be present at a major incident, they are unlikely to form the majority of 
the initial response, with this role being provided by EMS, and it is acknowledged that an additional limitation 
of this study is a lack of representation from non-physician EMS responders.  
Worldwide, irrespective of the patient’s location, all the interventions would be considered life-saving, but the 
ability to provide them will be multi-factorial.  For example, within the UK DMS, interventional radiology is 
not currently a deployed specialty so as an intervention, this could not be provided.  However, in this setting, 
an advanced EMS is available, with senior physicians capable of performing multiple interventions from 
Figure 2.3, including pre-hospital thoracotomy, delivering anaesthesia and initiating resuscitation with blood 
products.  In resource-poor settings, where there may not be such a developed EMS, few interventions are 
likely to be possible prior to arrival in hospital.  Equally, within the hospital setting it may not be appropriate 
to perform particular interventions, if the resources are unavailable to support the subsequent requirement for 
ongoing care. 
Identifying the time period in which an intervention is considered to be life-saving proved difficult, with 
consensus reached for interventions performed immediately and within one hour only.  The nature in which 
the statements were phrased may have led to potential ambiguity for the panel, as it was not specified from 
what point those time periods began.  In the paper, three possible start points are discussed, each with its own 
associated limitations.  Whilst the ideal start point would be from time of injury, it is possible that this may 
not be known, especially in the context of a major incident occurring in a rural or developing area.  
Additionally, should an incident occur in a rural area, there may well be a delay in activating EMS, which will 
then further delay their arrival.  Even in settings with a developed EMS, the median time from EMS arrival to 
hospital arrival is 87 minutes, clearly exceeding the one hour time period reaching consensus.112 Although 
there is likely to be an accumulation of these time delays, adopting hospital arrival as the starting time point is 
recommended as it allows for a unifying measurable standard, irrespective of injury location and EMS 
resources available. 
The study made the assumption that there would be no clinical deterioration following resuscitation; clearly in 
the event of deterioration, irrespective of the time at which this occurs, the interventions performed would be 
considered life-saving.  This is supported by the statement “there is no time limit for an intervention to be 
considered life-saving” not reaching consensus either by percentage agreement or by IQR, but with the median 
response to ‘agree’ with the statement.  Additionally, when reviewing the comments from the panel, it was felt 
that in the context of clinical deterioration the interventions performed would be life-saving irrespective of the 
time period.  
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The life-saving interventions in Figure 2.3 represent the gold-standard definition of the Priority One patient, 
i.e. a Priority One patient will be expected to need at least one of these 32 interventions.  Within a developed 
healthcare setting, it would be expected that these interventions would be able to be provided to all patients on 
an individual basis. Due to the nature of major incidents, it is likely that the earliest opportunity that the 
majority of these interventions can be performed (with the exception of external haemorrhage control) will be 
in the Casualty Clearing Station (CCS); a permissive environment set up away from the initial scene and staffed 
by more experienced clinicians.  However, the ability to provide these interventions at the CCS or hospital 
relies on a developed major incident plan, and for the CCS it will specifically require experienced clinicians 
with the appropriate equipment to be deployed forward of the hospital.  It is acknowledged that in the context 
of overwhelmed healthcare resources, both at the CCS and at hospital it may not be possible or indeed 
appropriate to provide all the interventions in Figure 2.3. However, the purpose of this study was to develop 
the gold-standard criteria for defining the Priority One patient, which with the appropriate resources these 
interventions are able to be provided. 
Page 55 of 174 
Chapter conclusion 
A key issue in triage research is the lack of a standardised outcome with which to validate or indeed develop 
triage tools.  By using a modified Delphi process, 32 interventions have been identified as life-saving in the 
context of a major incident. The next stage of this project (chapter 3) is to determine the optimum method 
with which to identify these patients. 
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Chapter 3: Identifying the optimum physiology to predict the need for life-saving intervention and 
deriving the Modified Physiological Triage Tool. 
Reference:  
Vassallo J, Beavis J, Smith J E, Wallis L A. Major incident triage: Derivation and comparative analysis of the 
Modified Physiological Triage Tool (MPTT). Injury. 2017 May;48(5):992-999. 
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Main findings: 
• A heart rate >100, respiratory rate <12 or >22 and a GCS <14 represent the optimum physiological 
thresholds for predicting need for life-saving intervention. 
• The Modified Physiological Triage Tool demonstrated the greatest sensitivity at predicting need for 
life-saving intervention with the lowest rates of under-triage when compared to existing methods of 
triage. 
• Existing triage tools have the lowest rates of over-triage, with greater specificity than the Modified 
Physiological Triage Tool.  
 
Motivation for conducting study 
Worldwide a number of methods exist for the purposes of primary major incident triage, each using an 
assessment of the patient’s physiology to determine their triage category. In countries using MIMMS for 
training, the MIMMS Triage Sieve is used; the exception to this is the UK, where following the 2005 London 
7/7 bombings, the MIMMS Triage Sieve was replaced by the NARU Sieve.3,45  Additional methods include 
START and Careflight, employed in America and Australia respectively.11,12  Within the DMS, the Military 
Sieve is used, with analogous physiological assessments to the NARU Sieve.46 While they are depicted 
separately in Table 3.1 for the purposes of analyses in this and subsequent chapters, they have been described 
as one. 
 
Triage Tool 1st Assessment 2nd Assessment 3rd Assessment 4th Assessment 5th Assessment 
NARU Sieve Catastrophic 
haemorrhage? 
Walking? Unconscious? Breathing? 
<10 RR >30 
HR >120 or 




<10 RR >30 
HR >120 or 
CRT >2 secs 
  
Military Sieve Walking? Catastrophic limb 
haemorrhage? 
Breathing? 
<10 RR >30 
HR >120 Unconscious? 
START Walking? Breathing? 
RR >30 
Palpable Pulse? Obeys commands? Catastrophic 
haemorrhage? 
Careflight Walking? Obeys commands? Breathing? Palpable radial 
pulse? 
 
Table 3.1: Comparison of existing triage tools. 
HR – Heart Rate, RR – Respiratory Rate, CRT – Capillary Refill Time 
 
In the early 2000’s work by Garner et al using trauma registry data demonstrated that whilst both START and 
Careflight had sensitivities and specificities of over 80% at predicting the need for life-saving interventions 
(modified-Baxt criteria, Table 2.2), the MIMMS Triage Sieve had a reported sensitivity and specificity of only 
45 and 88% respectively.12 
 
Following the London 7/7 bombings in 2005, and using data from patients seen at the Royal London Hospital 
(n=203, 50.2% incident population), Challen performed a retrospective cohort study, comparing the 
performance of the MIMMS Triage Sieve, START and Careflight against life-saving interventions (modified-
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Baxt criteria, Table 2.2).  The results differed considerably from Garner’s study, with all three triage tools 
having only 50% sensitivity, but with 100% specificity.  Whilst Challen’s study has the advantage of being 
conducted on data from an actual major incident, it is unfortunately limited by low numbers of genuine Priority 
One patients (n=8) with data only available to analyse for half of these (n=4).  This is not unique to the London 
7/7 bombings, with Kahn et al reporting only two patients requiring a life-saving intervention following a train 
crash in the US (total n=148).17 
 
Over a decade later, and again using trauma registry data, Horne et al compared the performance of the 
MIMMS Triage Sieve with the Military Sieve, as used by the DMS.  Using a more extensive list of life-saving 
interventions to define the Priority One patient (Table 2.3), they found a significant improvement in sensitivity 
with the Military Sieve (59% versus 53%, p<0.001) at predicting the Priority One patient.18 As a follow on 
from this study, the authors (including JV) conducted a prospective study comparing the performance of 
potential modifications to the Military Sieve (Modified Military Sieve).  Within the prospective military 
environment, the Modified Military Sieve outperformed existing methods with a sensitivity of 68% (Military 
Sieve 63%, MIMMS Triage Sieve 50%, START 52% and Careflight 45%).19 
 
These studies demonstrate that existing primary major incident triage tools have limited accuracy when 
identifying those patients in need of life-saving intervention, but that with simple modifications, the 
performance can be improved with only modest reductions in specificity. 
 
Aim 
The aim of this study was to derive a novel physiological triage tool that demonstrates improved performance 
characteristics at predicting the need for life-saving interventions when compared to existing triage tools. 
 
Objectives 
1. Identify the optimum thresholds of heart rate, respiratory rate and Glasgow Coma Scale at predicting 
need for life-saving intervention. 
2. Combining the optimum thresholds from objective one, define the Modified Physiological Triage 
Tool. 
3. Perform a comparative analysis of the Modified Physiological Triage Tool with existing methods of 
primary major incident triage. 
 
A copy of the published paper follows over the next eight pages.
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Discussion of study 
Supplementary methods 
Whilst it may seem logical to conduct the derivation of a novel major incident triage tool using data taken from 
an actual incident, this is not without limitation.  Despite occurring worldwide on a regular basis, the frequency 
of major incidents is unpredictable, making prospective research extremely difficult.  Additionally, in 
retrospective studies describing actual incidents, the numbers of patients requiring life-saving interventions 
are typically low;15,17 any tool designed to identify need for life-saving intervention being derived using these 
datasets will therefore have questionable generalisability to future incidents. By using trauma registries as a 
surrogate source of patients, this limitation is removed– greater numbers of patients receive life-saving 
interventions, from a variety of injury mechanisms, allowing for the more reliable derivation of a triage tool.  
 
However, the use of trauma registries and databases for analyses is not without difficulty; errors occurring 
during the data entry and sampling process will potentially affect the reliability of the results obtained.  The 
Joint Theatre Trauma Registry (JTTR), recording anonymised data from injury on deployed military 
operations through to evacuation to RCDM, Birmingham, UK, is no different; over the eight-year study period 
large proportions of missing data were encountered.  For data recorded at point of injury, complete 
physiological data were only available for 17.2% cases (n=1051), increasing to 60.7% (n=3701) for the ED at 
Camp Bastion.  It is unsurprising that large quantities of data are missing from point of injury – it is a military 
dataset recording injuries occurring on active military operations in Afghanistan – frequently those injured 
will remain in a hostile environment where the priority is to provide optimal tactical care, rather than 
documentation.46,113 Due to the relative frequencies of missing data, analysis was performed using first 
recorded hospital physiology only. In addition, this is in keeping with chapter 2 where for standardisation, the 
time period required for an intervention should begin on arrival in hospital. A comparison of pre-hospital 
versus hospital physiology was conducted using median and IQR (Table 3.4).   
 
In addition to the frequency of missing data described, erroneous and nonsense physiological values were 
observed, e.g. RR 247 breaths per minute (bpm) and SBP 13485 mmHg.  Such results are considered outliers 
and would introduce error into analysis, and so an assessment of the data was undertaken to identify potential 
outliers and according to convention, to remove them.114,115   For each physiological parameter (heart rate 
(HR), respiratory rate (RR), systolic blood pressure (SBP)), individual values were converted into Z scores 
using the formula:  
 
Z score = (Value – parameter mean) / parameter standard deviation. 
 
Outliers were defined as those values with a Z score more than three standard deviations away from the mean, 
correlating to a value greater than positive (or negative) 3.29.  This dictates that the extreme 0.1% values are 
considered outliers and are therefore removed.114 Box and whisker plots are provided for each physiological 
parameter, both with and without the removal of outliers (Figure 3.1). 
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Figure 3.1 Box and whisker plot for physiological parameters (including and excluding outliers). 
 
In chapter 2 the Delphi panel considered that interventions were life-saving if they were performed within 
one hour.  Due to the nature of how the JTTR data is recorded, it is not possible to determine the specific time 
that interventions are performed; interventions were simply recorded as occurring at either point of injury 
(Role 1), evacuation, in hospital (Role 3) or at RCDM (Role 4).  The exception to this were surgical operations, 
where surgical start time was recorded in accordance with the WHO Surgical Safety Checklist.  For the 
purposes of this study, only interventions performed at Role 1, during evacuation or Role 3 were included; 
interventions and procedures performed at RCDM were deemed to be beyond the initial resuscitation phase 
and were therefore excluded. 
 
Not all interventions in Figure 2.3 are recorded within the JTTR database, and therefore surrogates were 
employed to represent the closest intervention (Table 3.2).  For the application of a pelvic binder, a 
combination of intervention and injury diagnosis using AIS codes were used.  Only AIS codes associated with 
the anatomical diagnosis of an unstable pelvic injury were included: 
• 856161 Pelvic ring fracture, incomplete disruption of posterior arch; partially or vertically stable. 
• 856162 Pelvic ring fracture, incomplete disruption of posterior arch; partially or vertically stable open. 
• 856171 Pelvis substantial deformation and displacement with associated vascular disruption; with 
major retroperitoneal haematoma; fracture (NFS as to blood loss). 
• 856172 Pelvis substantial deformation and displacement with associated vascular disruption; with 
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Intervention Surrogate Variable 
ALS/ACLS Protocols CPR, Epinephrine, Atropine, Amiodarone, “Resus Drugs” 
Intubation for actual/impending airway 
obstruction 
Endotracheal tube AND rapid sequence induction 
Pelvic binder Limb traction AND coded pelvic injury (856161, 856162, 856171, 856172) 
Positive pressure ventilation Mechanical ventilation 
Proximal vascular control Arterial ligation, shunt, cross clamping 
Spinal nursing Proven spinal fracture C1-C3 
Table 3.2: Surrogate variables used for JTTR analysis.  
ALS/ACLS – Advanced Life Support / Advanced Cardiac Life Support, CPR – Cardiopulmonary resuscitation, JTTR- Joint Theatre Trauma Registry 
 
Existing major incident triage tools classify Priority One patients if any single physiological parameter meets 
or exceeds the defined threshold, irrespective of all other parameters. In order to maintain this independence, 
separate bivariate analyses were performed for each parameter, instead of a single combined multivariate 
logistical analysis.  Separate bivariate logistical regression models were developed for each physiological 
parameter to determine the binary outcome variable (need for life-saving intervention). It was expected that 
an increase and decrease at the upper and lower ranges respectively for both HR and RR would relate positively 
to the outcome probability.  Therefore, regressions for both were estimated separately for values above and 
below the median level (HR-89bpm, RR-18bpm). Models were fitted by Maximum Likelihood estimation, 
and the performance of each model reported in terms of the significance of the parameters (B0 and B1), the 
explanatory power (Nagelkerke’s pseudo-R2), goodness of fit (Hosmer-Lemeshow’s X2) and the percentage 
improvement in classification success (i.e. the classification success achieved by the model compared to the 
classification success achieved by assigning all cases the outcome of the most probable class). The logistic 
regression equation Probability (event Y) =1/(1+e-(B0 + X*B1)) was applied to determine the median effective 
level (Prob(Y)=0.5) for each parameter. The combination of these individual parameters formed the novel 
physiological triage tool “Modified Physiological Triage Tool – MPTT”. 
 
In order to conduct the subsequent comparative analysis with existing triage tools, surrogates were required 
for START, Careflight and the Military Sieve.  With both START and Careflight using the presence of a 
palpable pulse as a triage assessment, a surrogate measure was required, as this is not included as a recorded 
variable on the JTTR.  Described within the publication, a surrogate SBP measurement of 90mmHg was used 
to represent the presence of a palpable pulse.  There is a considerable variety in opinion within the literature 
as to what SBP level correlates with the presence of a palpable pulse; traditionally earlier Advanced Trauma 
Life Support (ATLS) teaching stipulated that a radial pulse would be felt at SBP levels greater than 80mmHg.  
However, studies have shown that in a number of hypotensive patients (measured both by non-invasive and 
invasive means), presence of a radial pulse remains at levels below 80mmHg.116,117  In support of this, recent 
European guidelines for the management of haemorrhagic trauma patients infer that the presence of a radial 
pulse correlates with a SBP of 70mmHg.118 Whilst there is likely to be individual variation between patients, 
a conservative threshold of 90mmHg was chosen to represent the presence of a palpable pulse.  This threshold 
was chosen for two reasons; firstly, as a conservative assessment, very few patients (if any) would NOT have 
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a palpable pulse at this level, making it a reliable measurement and secondly, because of increased mortality 
following blunt and penetrating trauma associated with SBP less than 90mmHg.119,120 
The Military Sieve includes an assessment of conscious level, but this is simply ‘conscious’ versus 
‘unconscious’ and there is no further description available within the Clinical Guidelines for Operations.46 
Both START and Careflight assess the conscious level by determining if the patient ‘obeys commands’, 
corresponding to an isolated GCS Motor Score of 6.  The JTTR database records the complete GCS score and 
not the individual (Eye, Verbal, Motor) components, therefore it is not possible to specifically determine 
whether a patient ‘obeys commands’.  For the purposes of the comparative analysis, a GCS < 13 was used to 
represent both ‘unconscious’ and ‘obeys commands’; this is consistent with what has previously been 
described with studies looking at the Military Sieve and comparing its performance with the MIMMS Triage 
Sieve.18 
The published paper includes the Modified Military Sieve in the comparative analysis; this was a theoretical 
model derived by the author (JV) prior to commencing this programme of work.  The Modified Military Sieve 
was developed using an alternative retrospective JTTR dataset, (different to that used in this study) by 
modifying the existing parameters of the Military Sieve and determining which yielded the optimum sensitivity 
and specificity for predicting need for life-saving intervention (Table 2.3).  Whilst the Modified Military Sieve 
is described in the publication, it has not been adopted for use by the DMS.18 The comparative analysis was 
performed using sensitivity and specificity with the calculation of under-triage (1-sensitivity) and over-triage 
(1-positive predictive value).  When comparing the triage tools, a McNemar Chi-squared test was used to 
determine significance.   As testing was repeated multiple times, a Bonferroni correction was applied to reduce 
the chance of a Type I error, which in the context of this study would be incorrectly rejecting the true null 
hypothesis that the MPTT and Triage Tool “X” have equal performance.121,122 
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Supplementary results 
Of 6095 cases recorded on the database, only 3654 (60.0%) were included in the final analysis (Figure 3.2).  
Following the removal of cases with incomplete physiological data, a further 47 cases were excluded as outliers 
(Table 3.3).  
 
 
Figure 3.2: JTTR participation flow diagram.123 
 
 Number Percentage 
Complete data recorded 3701  
Outliers (z > 3) 47 1.3% 
Respiratory rate (>45bpm) 28 0.75% 
Heart rate (>170bpm) 12 0.32% 
Systolic blood pressure (>206mmHg) 9 0.24% 
Table 3.3: Frequency of outliers. 
Bpm- breaths per minute 
 
Characteristics of the study population are described in Table 2 of the published paper. Injured personnel had 
a mean of two body regions affected (range 0-8) with a preponderance of extremity injuries (lower 36.0%, 
upper 16.2%).  Approximately half the study population (n=1755, 47.8%) received at least one life-saving 
intervention from Figure 2.3 (range 1-12 interventions).  Of patients receiving an intervention, the majority 
(36.2%) received a single intervention and the application of a tourniquet was the most frequent intervention.   
 
Due to the number of missing cases and incomplete physiology recorded at point of injury (Role 1), analysis 
was performed using first recorded hospital physiology (at Role 3).  This may represent a limitation as it is 
possible for an improvement in a patient’s recorded physiology in those receiving interventions prior to arrival 
at hospital.  In order to explore this effect, a comparison was undertaken of pre-hospital versus first recorded 
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 Point of injury (Role 1) First recorded hospital (Role 3) 
GCS 15 (12-15) 15 (14-15) 
Heart Rate (bpm) 89 (76-105) 89 (75-105) 
Respiratory Rate (bpm) 19 (16-24) 18 (15-20) 
Systolic Blood Pressure (mmHg) 126 (113-139) 138 (124-138) 
Table 3.4: Comparison of pre-hospital versus first recorded hospital physiology (median (IQR)). 
Bpm- breaths per minute, GCS – Glasgow Coma Scale, IQR – interquartile range 
 
With the exception of SBP, the median values are comparable between point of injury and arrival in hospital.  
When the IQR are compared, a lower GCS first quartile and greater RR third quartile is observed at point of 
injury.  SBP measurements at point of injury are within normal ranges, and although the median SBP is 
12mmHg lower than on arrival in hospital, the values, including the first quarter, do not fall below the threshold 
considered to be consistent with shock or hypotension.124 
 
Glasgow Coma Scale 
The logistic regression model for GCS demonstrated statistical significance for identifying the need for life-
saving intervention (p<0.001, c2 = 768.42), with approximately 25% of the variation in the outcome variable 
being described by the GCS (Nagelkerke R2 = 0.255).  The model fit was satisfactory (Hosmer and Lemeshow 
statistic c2 = 0.441, d.f.=2, p=0.506).  Using the probability of outcome equation the value of GCS <14 was 
derived as the optimum level for predicting the need for life-saving intervention. Probability values for each 
GCS threshold are shown in Table 3.5 below, and in graphical form in Figure 1 of the published paper.   
 














Table 3.5: Predicted probability of outcome for GCS thresholds. 
 
Respiratory Rate 
The dataset was split by the median (RR <18, n=2313 and RR >18, n=1360) and logistic regression models 
were developed for both lower and upper ranges. Population pyramids for both RR and HR are shown below 
in Figures 3.3 and 3.5.  Both models demonstrated significance, c2=21.4 and 75.2, d.f.=1, p<0.001 
respectively, with poor fit (Hosmer and Lemeshow statistic c2 = 27.8 and 13.5, d.f.=6 and p<0.05 respectively 
for RR <18 and RR >18).  Approximately 1% (lower) and 7% (upper) of variation in the outcome variable 
could be explained by the model (Nagelkerke R2 = 0.012 and 0.072). Probability values for RR thresholds are 
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shown in Table 3.6 and in graphical form in Figure 3.4.  Optimum levels of respiratory rate (upper and lower) 
were defined as RR <12 and RR >22 having been derived using a probability of outcome equation.  
 
Figure 3.3: Population pyramid for respiratory rate.  
 
RR Value (low) Predicted probability of outcome RR Value (high) Predicted probability of outcome 
5 0.629 15 0.344 
6 0.610 16 0.368 
7 0.591 17 0.393 
8 0.571 18 0.418 
9 0.551 19 0.444 
10 0.531 20 0.471 
11 0.511 21 0.497 
12 0.491 22 0.524 
13 0.471 23 0.550 
14 0.450 24 0.576 
15 0.430 25 0.602 
Table 3.6: Predicted probability of outcome for respiratory rate thresholds. 
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Figure 3.4: Parameter estimates for respiratory rate.  
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Heart Rate 
As with the RR, the dataset was split by the median (HR <89, n=1878 and HR >89, n=1795, Figure 3.5) with 
logistic regression models developed for both ranges.  Only the upper range (HR >89) demonstrated 
significance, c2= 179.6, d.f.=1 and p<0.001 with a good fit (Hosmer and Lemeshow statistic c2 = 8.8, d.f.=8 
and p=0.358).  Approximately 13% of the variation in outcome variable could be explained by the upper model 
(Nagelkerke R2 = 0.129).  Probability values for HR thresholds are shown in Table 3.7 and in graphical form 




Figure 3.5: Population pyramid for heart rate. 
Table 3.7: Predicted probability of outcome for heart rate thresholds. 
HR Value Predicted probability of outcome HR Value Predicted probability of outcome 
90 0.405 99 0.496 
91 0.415 100 0.506 
92 0.425 101 0.516 
93 0.435 102 0.527 
94 0.445 103 0.537 
95 0.455 104 0.547 
96 0.465 105 0.557 
97 0.476   
98 0.486   
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Figure 3.6: Parameter estimates for heart rate. 
 
Comparative Analysis 
The combination of the individual physiological thresholds (GCS <14, 12< RR >22 and HR >100) was used 
to define the MPTT (Figure 3.7).  In a comparative analysis with existing triage tools, the MPTT demonstrated 
the greatest sensitivity, corresponding with the lowest rates of under-triage (Table 3.8).  However, the increase 
in sensitivity comes at the expense of the lowest specificity and the highest rates of over-triage.  A McNemar 
test with Bonferroni correction (a=0.05/5=0.01) was used to determine if a statistically significant difference 
existed between the MPTT, the Military/NARU Sieve and the MIMMS Triage Sieve. For all comparisons, the 
null hypotheses that the MPTT and respective triage tools had equal performance was rejected. 
 
MPTT versus MIMMS Triage Sieve - c2=1,350, p <0.001 
MPTT versus Military/NARU Sieve - c2=998, p <0.001 
 
Where in a previous study the Modified Military Sieve had demonstrated good performance at predicting need 
for life-saving intervention (Sensitivity: 71.2% (68.2-74.1)), Specificity: 79.3% (75.9-82.7)), within this 
analysis, the observed performance was considerably lower (Sensitivity: 50.9% (48.6-53.3), Specificity: 87.5% 
(85.9-88.9)).18 
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Figure 3.7: Modified Physiological Triage Tool (MPTT).123 
 
Table 3.8: Comparative performance of the MPTT with existing triage tools.123  
(95% Confidence Intervals), Under-triage: 1-sensitivity, Over-triage: 1-positive predictive value, MPTT: Modified Physiological Triage Tool 
 
The ideal triage tool would have both maximal sensitivity and specificity, with minimal under and over-triage, 
but as with all diagnostic tests an increase in sensitivity tends to result in a decrease in specificity, therefore 
one should be prioritised (sensitivity versus specificity or under-triage versus over-triage) over the other.  
Limited guidance exists as to how accurate triage tools should be – with the American College of Surgeons 
directing that both under and over-triage should be kept to a minimum.  However, within the same document, 
clear guidance is given for the field triage process, where they recommend that under and over-triage be kept 
to below 5% and 35% respectively.16 
 
The field triage process differs considerably to primary major incident triage; it is a more detailed assessment 
of the individual trauma patient, using a combination of different methods (physiological assessment, 
anatomical injury assessment and assessment of the mechanism of injury) in order to determine whether or not 
the patient requires care at a Major Trauma Centre.  It is not practical to suggest that this be performed during 
primary major incident triage for a number of reasons including the time required to complete the process, the 





MPTT 69.5% (67.3-71.6) 65.3% (63.2-67.4) 30.5% (28.4-32.7) 35.4% (33.3-37.6) 
MIMMS 
Triage Sieve 
24.2% (22.3-26.3) 94.8% (93.8-95.7) 75.8% (73.7-77.7) 19.1% (17.4-20.9) 
Military/NARU Sieve 43.2% (41.0-45.6) 93.7% (92.5-94.7) 56.8% (54.4-59.1) 13.8% (12.4-15.4) 
START 38.1% (35.8-40.4) 96.9% (96.1-97.6) 61.9% (59.6-64.2) 8.2% (7.1-9.5) 
Careflight 32.9% (30.7-35.2) 98.4% (97.8-98.9) 67.1% (64.8-69.3) 5.0% (4.1-6.0) 
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availability of experienced clinicians to perform it and the likely requirement to expose the patient to assess 
for injuries.   
 
Whilst the two processes are different, with the field triage process being more detailed, it is the only 
quantitative measure that exists for assessing triage performance.  Clearly the under-triage rate of the MPTT 
exceeds the 5% recommended threshold, but it is the lowest by a considerable amount (absolute reduction of 
26.8% compared to the Military/NARU Sieve), whilst maintaining a rate of over-triage (35.4%) comparable 
to the recommended 35% threshold.16 
 
Where minor discrepancy exists between Table 3.8 and the published table 3, this is due to a combination of 
rounding of decimal places involved in the calculations and a different statistical program being used 
(GraphPad Prism instead of SPSS). 
 
Assessment of over and under-triage 
Throughout all the studies described in this thesis under-triage and over-triage have been calculated using 1-
sensitivity and 1-PPV respectively.  Additional methods of calculating both exist, including 1-negative 
predictive value for under-triage and 1-specificity for over-triage and these are provided in Table 3.9.  In these 
studies, 1-PPV was chosen to assess over-triage as it is the more appropriate measure due to it addressing the 
principal concern of over-triage i.e. resource utilisation for minimally injured patients.  Additionally, it is the 
measure adopted in the USA for calculating over-triage using the Cribari matrix.16,73   
 
However, in contrast, the Cribari matrix calculates under-triage as 1-negative predictive value instead of 1-
sensitivity.  By using 1-sensitivity, the denominator used in the calculation is all patients in need of life-saving 
intervention, which is more appropriate, as these are the patients who are most at risk from not being 
identified.31,73,125  
 























































Table 3.9: Comparison of alternative methods of calculating under and over-triage. 
PPV; Positive Predictive Value, NPV; Negative Predictive Value
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Supplementary limitations 
As discussed in the publication, there are a number of limitations associated with this study, including 
performing a comparative analysis of the MPTT on the same dataset in which it was derived.  Whilst the use 
of a trauma registry with which to derive the MPTT conveys the benefit of a greater number of injured patients 
when compared to the retrospective review of a number of major incidents, it is acknowledged as a limitation, 
as the derivation is taking place in a different environment to that it is designed to function in.15,17   
 
Linked with the use of trauma registries is the limitation of inclusion criteria for entry onto the trauma registry; 
in the case of this study, prior to 2007 the inclusion criteria were patients receiving a trauma team activation.  
This introduces a selection bias into the analysis as the entire population is not being analysed; whilst 
sensitivities calculated will be accurate (true positives as these will fulfil inclusion criteria), the specificities 
(true negatives) need to be interpreted with caution, as not all ‘negative’ patients will have been included in 
the analysis as they did not meet the inclusion criteria.  Following 2007, when the inclusion criteria were 
broadened to include all patients who were repatriated to RCDM, irrespective of whether they received a 
trauma team activation for their care, this selection bias will have reduced to an extent. 
 
Another limitation of using trauma registries is the reliance on the data inputted and where variables are not 
recorded, surrogates are required in order to conduct the analysis.  The initial step of the MPTT and other 
triage tools is the assessment of whether the patient is able to walk; the JTTR does not record whether the 
patient is ambulatory or not, and for the purposes of this study it has been assumed that all patients were non-
ambulatory, which represents an additional limitation. 
 
The use of a surrogate GCS to represent ‘unconscious’ and ‘obeys commands’ is an additional limitation.  In 
keeping with previous studies, GCS <13 was used to represent ‘unconscious’ for the Military/NARU Sieve as 
it is unlikely that a patient with a GCS >13 would be considered ‘unconscious’, even if assessed by an 
inexperienced provider.  The use of GCS <13 to represent ‘obeys commands’ in the START and Careflight 
algorithms, may fail to identify all patients who are unable to ‘obey commands’.  As it is an isolated assessment 
of the motor component of the GCS, a patient only requires a motor score of five or less to be categorised as 
does not ‘obey commands’.  It is possible for patients to not ‘obey commands’ but to have a GCS score of 13 
or 14, and these patients will not be captured by the surrogate measure used; as with the assessment of 
‘unconscious’, it is unlikely that an inexperienced provider would categorise a patient as being able to ‘obey 
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Chapter conclusion 
Using a retrospective military population, the MPTT has been derived and successfully outperforms existing 
methods of primary major incident triage at identifying those patients in need of a life-saving intervention. The 
MPTT yields the greatest sensitivity, corresponding to the lowest rates of under-triage; the priority of primary 
major incident triage is to minimise rates of under-triage and the MPTT fulfils these criteria.  Although the 
MPTT has the greatest rate of over-triage, this is comparable to that recommended for individual field triage, 
and in this environment is considerably lower than that observed following the London 7/7 bombings.16,61 Prior 
to recommending the MPTT as a replacement to existing methods in either the military or civilian major 
incident setting, additional validation is required and this is described in chapters 4 and 5.  
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Chapter 4: Assessing the performance of the Modified Physiological Triage Tool on a civilian population 
using a trauma registry 
Reference:  
Vassallo J, Smith JE, Bouamra O, Lecky F, Wallis LA. The civilian validation of the Modified Physiological 
Triage Tool (MPTT): an evidence-based approach to primary major incident triage. Emerg Med J. 2017 
Dec;34(12):810-815. 
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Main findings: 
• Within the civilian trauma registry population, the Modified Physiological Triage Tool demonstrated 
the greatest sensitivity at predicting need for life-saving intervention with the lowest rates of under-
triage, outperforming existing triage tools.  
• In keeping with the derivation study, existing triage tools have greater specificity than the Modified 
Physiological Triage Tool, correlating with lower rates of over-triage. 
• In this population, the rate of over-triage from the Modified Physiological Triage Tool is directly 
comparable to that observed following the London 7/7 bombings.  
Motivation for conducting study 
The MPTT was derived from a retrospective military cohort using logistic regression methodology and within 
this environment, it outperformed existing major incident triage tools at predicting need for life-saving 
intervention.  The military environment differs considerably to the civilian setting, with a preponderance to 
blast and ballistic injuries, affecting mainly young males (median age 24, IQR 21-29 years).  Before the MPTT 
can be recommended as an alternative to the NARU sieve, the existing method of UK civilian primary major 
incident triage, its performance needs to be determined in the civilian setting, where the population is older 
and with a different predominant mechanism of injury.126 
 
Aim 




• Identify gold standard Priority One patients in terms of requirement for life-saving intervention. 
• Determine the ability of the Modified Physiological Triage Tool at predicting the requirement for life-
saving intervention. 
• Undertake a comparative validation with existing triage tools. 
• Perform a subgroup analysis on age, gender and injury type (blunt versus penetrating). 
 
A copy of the published paper follows over the next six pages.
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Discussion of study 
Supplementary methods 
A retrospective review of the Trauma Audit and Research Network (TARN) database was conducted over a 
nine-year period (2006-2014).  All adult patients (aged 18 or over) satisfying TARN inclusion criteria 
(Appendix 1) and who were direct admissions from the scene of injury were considered eligible for inclusion.  
Patients who are declared dead at scene or who are not conveyed to hospital are not included in the TARN 
database and therefore were not considered eligible for analysis.  In order to maintain consistency with the 
derivation study, the same thresholds (HR >170bpm, RR >45bpm, SBP >206mmHg) were used to identify 
physiological outliers and these were then removed. Box and whisker plots are shown for each parameter (with 
and without outliers removed) in Figure 4.1.  Due to the nature of the TARN database, patients included were 
assumed to be non-ambulant.  
 
 
Figure 4.1: Box and whisker plot for physiological parameters (including and excluding outliers). 
 
As in chapter 3 and the JTTR, not all interventions in Figure 2.3 are recorded as variables on the TARN 
database, therefore a number of surrogates were used to conduct the analysis.  Table 4.1 compares the life-
saving interventions defined through Delphi consensus with the most closely representative variable recorded 
on the TARN database.  It was not possible to use a surrogate variable for four interventions (application of a 
chest seal, use of haemostatic agents and the administration of uncross-matched blood or chemical antidotes). 
Patients were categorised as Priority One if they received one or more of these life-saving interventions. The 
Delphi study in chapter 2 considered that interventions were life-saving if they were performed within one 
hour.  Whilst the TARN database allows for entry of the date and time when individual interventions were 
performed, this was universally poorly populated, with the majority of patients recorded as receiving 
interventions, but with no date and time recorded as to when these occurred.   
 
The published paper assumes that all interventions performed occurred during the initial resuscitation phase.  
However, for some interventions, they are categorized as being performed ‘pre-hospital’, ‘ED’ or ‘in-hospital’.  
Recognising that the assumption made in the publication represents a study weakness, further analysis was 
undertaken on patients receiving interventions (with the exception of surgical procedures) only in either the 
‘pre-hospital’ or ‘ED’ setting. 
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 Life-saving intervention  Recorded variable used as surrogate. 
1 Intubation for actual or impending airway obstruction. Intubation 
2 Surgical airway for actual or impending airway obstruction. Cricothyroidotomy, tracheostomy 
3 Thoracostomy (needle/finger/tube). Needle thoracocentesis, chest drain, tube drain into pleural 
cavity 
4 Application of a chest seal (commercial/improvised). Not searchable 
5 Positive pressure ventilation for ventilatory inadequacy. Manual, mechanical ventilation, respiratory arrest 
6 Application of a tourniquet for haemorrhage control. Direct compression of haemorrhage  
7 Use of haemostatic agents for haemorrhage control. Not searchable 
8 Insertion of an intra-osseous device for resuscitation purposes. Intraosseous cannulation 
9 Receiving uncross-matched blood. Not searchable 
10 Receiving > 4 units of blood/blood products. >= 4 units blood 
11 Administration of tranexamic acid. Tranexamic Acid 
12 Laparotomy for trauma. Laparotomy, Abdominal Packing, repair colon laceration, 
repair kidney laceration, repair liver laceration,  
13 Thoracotomy or pericardial window for trauma. Thoracotomy  
14 Surgery to gain proximal vascular control. Repair of artery 
15 Interventional radiology for haemorrhage control. Embolisation (interventional radiology) 
16 Application of a pelvic binder. Pelvic sling 
17 ALS/ACLS for a patient in a peri-arrest/cardiac arrest situation. CPR, defibrillation 
18 Neurosurgery for the evacuation of an intra-cranial haematoma. Evacuation of EDH or SDH 
19 Craniotomy/Burr hole insertion. Craniectomy, open craniotomy, burr hole of cranium 
20 Spinal nursing for a C1-3 fracture. Spinal immobilisation AND C1,C2,C3 fractures OR 
Application of skeletal traction AND C1,C2,C3 fractures 
OR Spinal stabilisation AND C1,C2,C3 fractures 
21 Administration of a seizure-terminating medication. Anticonvulsant administration 
22 Active/passive rewarming for initial core temp <32 degrees 
Celsius. 
Active warming 
23 Correction of low blood glucose. Glucose administration 
24 Administration of chemical antidotes. Not searchable 
Table 4.1: Comparison of life-saving interventions and surrogates used for analysis.127 
ALS/ACLS – Advanced Life Support / Advanced Cardiac Life Support, CPR – Cardiopulmonary Resuscitation, EDH – Extradural haematoma, SDH – 
Subdural haematoma 
 
In keeping with the derivation study, first recorded hospital physiology was used to categorise patients as 
Priority One or Not Priority One by the MPTT, Military/NARU Sieve, MIMMS Triage Sieve, START and 
Careflight. Surrogates required for categorisation by START, Careflight and Military/NARU sieve, remained 
consistent with those used in chapter 3, i.e. a SBP of 90mmHg for palpable pulse (START and Careflight) 
and GCS<13 for unconscious and not obeying commands (Military/NARU Sieve and START/Careflight 
respectively).  A comparative analysis was performed using sensitivity and specificity, with under and over-
triage (1-sensitivity and 1-PPV respectively) calculated for all triage tools.  Statistical significance was 
determined between triage tools using a McNemar test with Bonferroni correction (a=0.05/4 = 0.0125); this 
method has previously been discussed in chapter 3.  
 
Only patients with complete physiology were included in the analysis, which, as discussed in chapter 3 can 
introduce selection bias.  To explore for this, the study characteristics were compared between these two groups 
(patients with complete versus incomplete physiology).  Additionally, to mitigate for any effects that 
performing a list-wise deletion may have, multiple imputation was used to model the missing data.  This was 
performed using the ice procedure in STATA, under a missing at random assumption with the modelling 
strategy based on six variables (age, 30-day outcome, gender, life-saving intervention received, mechanism of 
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injury, ISS).128 From this, five sets of imputed data were generated, on which an additional comparative 
analysis was performed. 
 
Due to the nature of an ageing population, the leading mechanism of injury in the TARN database is ‘falls less 
than two metres’.  Whilst this reflects the change in trauma trends seen within the UK, it is unlikely to be 
reflective of the mechanism of injury experienced during a major incident; a sensitivity analysis of the MPTT 
was therefore performed with this cohort of patients excluded. Additional subgroup analyses were conducted 
to identify the performance of the MPTT against existing triage tools when the population was split by age, 
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Supplementary results 
Approximately 220,000 patients were included in the TARN database during the study period.  Only patients 
who were direct admissions from the scene of injury were included – the TARN database includes records of 
patients who were transferred from one hospital to another; these patients were excluded on the premise that 
the care recorded at the secondary facility would be beyond the initial resuscitation phase.  There were a large 
number of cases with missing data (n=68,042, 31.1%) and these were removed from further analysis (Figure 
4.2).  Where GCS is not recorded, some cases are assigned a value of 97 representing ‘missing, presumed 
normal’ and 98 representing ‘missing, presumed abnormal’.  Only patients with a reported GCS between 3 
and 15 were included.  Of those with complete physiological data, an additional 2316 (1.8%) patients were 
excluded as outliers (Table 4.2). Full study characteristics are shown in Table 2 in the published paper. 
 
Figure 4.2: TARN Participation flow diagram.127 
 Number Percentage 
Complete data recorded 129549  
Outliers  2316 1.8% 
Respiratory rate (>45bpm) 357 0.28% 
Heart rate (>170bpm) 86 0.07% 
Systolic blood pressure (>206mmHg) 1883 1.5% 
Table 4.2: Frequency of outliers.  
 Bpm – breaths per minute. 
 
As was shown in the derivation study in chapter 3, the MPTT demonstrated the greatest sensitivity for 
predicting the need for a life-saving intervention, with the lowest rates of under-triage (Table 4.3).  However 
this comes at the expense of the lowest specificity and the greatest rate of over-triage (67.1%), although this is 
comparable to the overall over-triage rate observed following the London 7/7 bombings (64%).61 
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MPTT 57.6% (56.9-58.2) 71.5% (71.2-71.8) 42.4% (41.8-43.0) 67.1% (66.5-67.7) 
MIMMS 
Triage Sieve 
12.9% (12.5-13.4) 96.7% (96.6-96.8) 87.1% (86.7-87.5) 51.6% (51.0-52.2) 
Military/NARU Sieve 28.0% (27.5-28.6) 94.1% (93.9-94.2) 72.0% (71.4-72.6) 46.7% (46.1-47.3) 
START 28.8% (28.2-29.4) 94.3% (94.2-94.4) 71.2% (70.6-71.8) 45.0% (44.4-45.6) 
Careflight 23.6% (23.1-24.1) 95.9% (95.7-96.0) 76.4% (75.9-76.9) 42.1% (41.5-42.7) 
Table 4.3: Comparative performance of the MPTT with existing triage tools.127 
 (95% Confidence Intervals), Under-triage: 1-sensitivity, Over-triage: 1-positive predictive value 
 
Under and over-triage were calculated using the same methodology described in chapter 3; a comparison with 
alternative methods for calculating these measures is demonstrated in Table 4.4. 
 
McNemar’s test was used to determine if a statistically significant difference in performance existed between 
the MPTT, the Military/NARU Sieve and the MIMMS Triage Sieve. 
 
MPTT versus MIMMS Triage Sieve - c2=36,804, p <0.001 
MPTT versus Military/NARU Sieve - c2=30,405, p <0.001 
 
For all comparisons, with an adjusted significance level of a=0.0125, the null hypothesis that the MPTT and 
respective triage tools (MIMMS Triage Sieve, Military/NARU Sieve) had equal performance was rejected.  
 























































Table 4.4: Comparison of alternative methods of calculating under and over-triage. 
PPV; Positive Predictive Value, NPV; Negative Predictive Value 
 
Missing Data Analysis 
To explore for the effect of performing a list-wise deletion for all cases with missing or incomplete 
physiological data, study characteristics were compared between the two groups with outliers excluded.  
Variables compared included gender, age, outcome, ISS and life-saving intervention requirement.  Statistical 
analysis was with Pearson Chi Square and Mann Whitney tests for categorical (gender, outcome, life-saving 
intervention) and continuous (age, ISS) variables respectively.114 
 











(% Priority One) 
Complete 
(n=127,233) 
61 (43-80) 9 (9-16) 55.6% 94.3% 19.5% 
Incomplete 
(n=65,726) 
55 (36-74) 10 (9-24) 44.4% 90.0% 34.7% 
Table 4.5: Comparison of study characteristics between patients with complete and incomplete 
physiological data. 
IQR – interquartile range. 
 
All statistical analyses reached significance (p<0.001) implying that there was a difference between the two 
groups, but this must be interpreted with caution due to the large difference in group sizes (Complete 
n=127,233 and Incomplete n=68,042).  Table 4.5 demonstrates that there was a greater tendency for patients 
in the incomplete group to require a life-saving intervention (i.e. Priority One), with a higher mortality, and 
although the median ISS is comparable between the two groups (10 versus 9), the third quartile is considerably 
greater (24 versus 16).  These results give an assumption that the cohort of patients removed due to incomplete 
physiological data were potentially sicker than those with complete recordings.  In order to mitigate for this 
effect, multiple imputation was used to replace the missing physiological variables (procedure described in the 
methods section with 807,450 cases generated (210,251 Priority One)), and a comparative analysis was 
conducted Table 4.6. 
 
 
Table 4.6: Comparative analysis following multiple imputation.  
(95% Confidence Intervals), Under-triage: 1-sensitivity, Over-triage: 1-positive predictive value 
 
Following imputation an increase in sensitivity was observed for all triage tools, corresponding with a small 
reduction in specificity.  Performance overall was unchanged, with the MPTT demonstrating the greatest 
sensitivity with the lowest rate of under-triage.  As with the main statistical analysis, the MPTT demonstrated 
a statistically significant difference in performance over both the MIMMS Triage Sieve and the 
Military/NARU Sieve (p<0.0001). 
 
Low falls (defined as falls <2 metres) accounted for over half the study population with complete data recorded 
(n=68,354, 53.7%).  This mechanism of injury is unlikely to be truly representative of that of a major incident, 
therefore a sensitivity analysis of the MPTT and existing triage tools was conducted with these patients 
excluded. The cohort of patients sustaining low falls were disproportionately female, older and had a lower 
ISS when compared to the remaining population (p<0.001).  Therefore, once removed, a change in study 





MPTT 60.2% (60.0-60.4) 71.3% (71.1-71.4) 39.8% (39.6-40.0) 57.6% (57.4-57.7) 
MIMMS 
Triage Sieve 
14.8% (14.6-14.9) 96.4% (96.3-96.4) 85.2% (85.1-85.4) 41.2% (41.1-41.3) 
Military/NARU Sieve 32.5% (32.3-32.7) 93.6% (93.6-93.7) 67.5% (67.3-67.7) 35.8% (35.7-35.9) 
START 32.5% (32.3-32.7) 93.9% (93.6-94.0) 67.5% (67.3-67.7) 34.7% (34.6-34.8) 
Careflight 27.8% (27.6-28.0) 95.7% (95.6-95.7) 72.2% (72.0-72.4) 30.6% (30.5-30.7) 
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characteristics were observed (Table 4.7), with the study population have a greater percentage of younger, 












(% Priority One) 
All data 
(n=127,233) 
61.4 (43.1-80) 9 (9-16) 55.6% 94.3% 19.5% 
Low falls only 
(n=68,354) 
74.9 (59.5-85.4) 9 (9-10) 40.1% 93.1% 10.1% 
Low falls removed 
(n=58,879) 
45.5 (29.9-61.5) 10 (9-17) 73.6% 95.6% 30.4% 
Table 4.7: Comparison of study characteristics between entire study population and cohort with low 
falls removed.  
IQR – interquartile range. 
 
In a sensitivity analysis (Table 4.8), the MPTT again outperformed existing triage tools, with the greatest 
sensitivity and lowest under-triage.  As with previous analyses, the MPTT has the highest rate of over-triage, 
but demonstrates an absolute reduction of 12.1% when compared to the whole population analyses. This is not 
unique to the MPTT, with all triage tools demonstrating a reduction in over-triage.  As with the original 
analysis, a statistically significant difference in performance was observed between the MPTT and both the 
MIMMS Triage Sieve and the Military/NARU Sieve (p<0.0001). 
Table 4.8: Sensitivity analysis – low falls excluded from analysis (n=58,879). 
 (95% Confidence Intervals), Under-triage: 1-sensitivity, Over-triage: 1-positive predictive value 
 
Due to the nature of incomplete data describing when interventions were performed, the published paper 
categories the Priority One patient as receiving any life-saving intervention, irrespective of the location (pre-
hospital versus ED versus In-hospital). An additional analysis was conducted when interventions (with the 
exception of surgical procedures) were limited to being performed in either the pre-hospital or ED setting 
(Table 4.9).  Overall performance was unchanged when compared to the main study analysis.  
Table 4.9 Sensitivity analysis – pre-hospital and ED only interventions included in analysis. 
 (95% Confidence Intervals), Under-triage: 1-sensitivity, Over-triage: 1-positive predictive value 





MPTT 61.6% (60.9-62.3) 67.1% (66.7-67.6) 38.4% (37.7-39.1) 55.0% (54.5-55.5) 
MIMMS 
Triage Sieve 
14.6% (14.1-15.1) 96.1% (96.0-96.3) 85.4% (84.9-86.0) 37.8% (37.3-38.2) 
Military/NARU Sieve 30.2% (30.0-30.9) 93.6% (93.3-93.8) 69.8% (69.1-70.5) 32.8% (32.3-33.2) 
START 31.2% (30.6-31.9) 93.7% (93.5-93.9) 68.8% (68.1-69.4) 31.5% (31.1-32.0) 
Careflight 25.3% (24.7-25.9) 95.9% (95.7-96.1) 74.7% (74.1-75.3) 26.9% (26.5-27.3) 





MPTT 59.0% (58.4-59.7) 71.2% (70.9-71.5) 41.0% (40.3-41.6) 69.4% (69.1-69.7) 
MIMMS 
Triage Sieve 
13.5% (13.1-14.0) 96.6% (96.5-96.7) 86.5% (86.0-86.9) 54.2% (53.9-54.5) 
Military/NARU Sieve 29.5% (28.9-30.1) 93.9% (93.7-94.0) 29.5% (28.9-30.1) 49.1% (48.8-49.4) 
START 30.3% (29.7-30.9) 94.1% (94.0-94.3) 69.7% (69.1-70.3) 47.5% (47.8-47.2) 
Careflight 24.9% (24.4-25.5) 95.7% (95.6-95.8) 75.1% (74.5-75.6) 44.5% (44.1-44.8) 
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Pre-hospital versus first recorded hospital physiology 
The use of first recorded hospital physiology to categorise patients using the respective triage tools is a 
potential limitation of this study.  In chapter 3, it was observed that in the military setting, the median 
physiological values were directly comparable between the two settings.  In order to explore the potential 
effect in this study of using first recorded hospital physiology for categorisations, a comparison was conducted 
using median and IQR (Table 4.10).  As was observed with the JTTR, both pre-hospital and first recorded 
hospital physiology was directly comparable. 
 
Physiological Parameter Pre-hospital First recorded hospital 
GCS 15 (15-15) 15 (15-15) 
Heart Rate (bpm) 84 (72-97) 82 (71-94) 
Respiratory Rate (bpm) 18 (16-20) 18 (16-20) 
Systolic Blood Pressure (mmHg) 137 (120-156) 137 (121-154) 
Table 4.10 Pre-hospital versus first recorded hospital physiology (median (IQR)). 
Bpm- breaths per minute, IQR – interquartile range. 
 
In addition to the analyses described above, a subgroup analysis was performed to determine the MPTT’s 
performance at identifying patients in need of life-saving intervention when the population was split by injury 
type (penetrating versus blunt), gender and age.  
 
Injury Type 
Blunt trauma (n=122,802, 96.5%) is the predominant mechanism of injury on the TARN database, with 
penetrating trauma the minority (n=4,431, 3.5%).  When the complete study population is split by mechanism 
and analysed, the population sustaining penetrating trauma is younger - 33.2 (24.3-47.8) versus 62.1 (44.5-
80.5) years - and predominantly male (83.7% versus 54.6%).  Although absolute numbers of patients sustaining 
penetrating trauma is low, the majority (62.7%) received a life-saving intervention and therefore were 
considered Priority One; in contrast only 17.9% of patients sustaining blunt trauma received a life-saving 
intervention, despite the ISS being comparable (Penetrating 9 (9-14) versus Blunt 9 (9-16)). 
 
No difference from the main study was observed with triage tool performance in a comparative analysis; the 
MPTT demonstrated the greatest sensitivity over all tools with both blunt and penetrating trauma. All triage 
tools demonstrated lower specificities in the penetrating trauma cohort.  Additionally, with the exception of 
the MPTT and the MIMMS Triage Sieve, an absolute reduction in sensitivity was also observed in the 
penetrating trauma cohort.  
 
Gender 
Over half the TARN study population were male (n=70,747, 55.6%).  When the study characteristics are 
compared for the two subgroups, it is observed that the male cohort are younger (52.6(35.3-69.9) versus 
73.2(56.2-85.1) years) with a greater proportion receiving life-saving interventions (24.6% versus 13.0%).  
Median ISS was comparable (9), although the third quartile was higher in the male subgroup (17 versus 13).  
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When mechanism of injury is compared, low falls predominate in both subgroups, but is approximately 
doubled in the female subgroup (38.7% versus 72.5%).  In contrast, whilst road traffic collisions are the second 
most frequently occurring mechanism of injury in both subgroups; the proportion of males affected is more 
than double that of females (29.3% versus 12.8%).  Sensitivities were lower for all triage tools in the female 
subgroup, but this was matched by an increase in specificity.     The MPTT continued to outperform all triage 
tools in both subgroups, with the greatest sensitivity and lowest rate of under-triage, but as with prior analyses, 
it has the greatest rate of over-triage and lowest specificity.  
 
Age 
In keeping with previous published TARN studies, the study population was split into four age categories (18-
25 years, 26-49 years, 50-74 years and 75+ years).126  Male patients predominated in the 18-25 (78.3%) and 
26-49 (75.8%) age categories, with an approximately equal proportion in the 50-74 category (55.2% male), 
before becoming the minority (34.6%) in those injured over 75+ years.  A reduction in numbers of patients 
requiring a life-saving intervention is observed throughout the categories; 32.8% of those aged 18-24 required 
a life-saving intervention reducing to 12.8% in those aged 75+ years.  Blunt trauma predominated all age 
categories, but penetrating trauma was greatest in those aged 18-24 years (11.6%).  This proportion declines 
throughout the categories: 25-49 years (7.0%), 50-74 years (1.7%) to being negligible in those aged 75+ years 
(0.6%).  In keeping with this, the mechanism of injury changes considerably throughout the categories – less 
than 10% of those aged 18-24 years sustained their injuries from low falls; by contrast 59.1% of those aged 
50-74 years did, increasing to 83.0% of those aged 75+ years.  For patients aged 18-24 years, the most prevalent 
mechanism of injury was road traffic collisions (52.1%).   
 
In the comparative analysis, the MPTT continued to outperform existing methods of triage across all age 
groups with the greatest sensitivity and the lowest rates of under-triage, although this is again associated with 
the lowest specificity and highest rate of over-triage.  Both under and over-triage is observed to increase 
throughout the age categories for all triage tools with it being at its lowest in those aged 18-24 years (Figure 
4.3).  
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Figure 4.3a: Relationship between triage tool performance (rates of under-triage) and age.  
 
 
Figure 4.3b: Relationship between triage tool performance (rates of over-triage) and age.  
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Supplementary limitations 
As with chapter 3 a key limitation of this study is the use of a trauma registry (TARN) to validate the MPTT 
for use in the civilian environment and this is discussed in the published paper.  Large numbers of patients on 
the database were found to have missing data, and this cohort were observed to be more likely to be seriously 
injured, with a greater proportion of Priority One patients.  To explore for the effect of performing a list-wise 
deletion in the primary analysis (Table 4.3), multiple imputation was used to simulate the missing data.  
Comparative analysis following imputation demonstrated the MPTT continued to outperform existing methods 
at identifying need for life-saving intervention with the lowest rates of under-triage.  However, whilst multiple 
imputation can help to explore the effect of missing data, it is still only a surrogate for the missing physiology 
and remains a limitation.  
 
The nature of the inclusion criteria (Appendix 1) for entry onto the TARN database represents a limitation, 
which as with the JTTR, introduces a selection bias; minimally injured patients are unlikely to be included.  
As discussed in chapter 3 this means that the specificities reported in this study should be interpreted with 
caution. The use of first recorded hospital physiology to categorise patients represents a limitation, although 
the effect of this is likely to be minimal, as the median and IQR of physiological parameters were comparable 
to those measured in the pre-hospital setting (Table 4.10).  
 
In the published paper, patients were categorised as Priority One if they received a life-saving intervention 
irrespective of where it occurred, representing a potential weakness and a limitation of the study.  For 
robustness, in this chapter, an additional analysis was performed with patients only being categorised as 
Priority One if they received the life-saving intervention in the pre-hospital or ED setting (in addition to 
surgical procedures).  The overall results from this analysis (Table 4.9) did not differ from the main analysis 
(Table 4.3) with the MPTT continuing to demonstrate the greatest sensitivity for identifying patients in need 
of life-saving intervention. 
 
The predominant mechanism of injury on the TARN database is low falls, which is not only unlikely to 
represent the mechanism encountered at a major incident, but carries with it a different population 
characteristic (majority female, older with fewer patients requiring life-saving intervention).  To mitigate for 
this, a sensitivity analysis was performed with this cohort excluded, which also demonstrated that the MPTT 
outperformed existing methods of triage (Table 4.8).  When patients on the TARN database are divided for 
sub-group analysis (mode of injury, gender and age), the MPTT demonstrated improved performance over 
existing methods for identifying patients in need of life-saving intervention.  These findings suggest that the 
MPTT is suitable as a replacement to existing primary major incident triage tools, irrespective of the injury 
mode, gender or age of patients involved.   
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Chapter conclusion 
In this study, the performance of the MPTT has been compared to existing methods of triage on a civilian 
trauma registry population.  Existing methods of UK triage (Military/NARU Sieve) demonstrate poor 
performance at identifying those patients in need of a life-saving intervention; where in the derivation study 
this was off-set by low rates of over-triage, in the civilian setting, existing triage tools still have rates of over-
triage approaching 50%.  The MPTT is the first example of an evidence-based triage tool designed to 
specifically identify those patients in need of a life-saving intervention.  Outperforming existing triage tools 
in the retrospective military setting, it continues to outperform, both clinically and statistically, in the civilian 
trauma registry population.  This study has successfully validated the MPTT on a civilian population using the 
TARN database.  It is suggested that the MPTT be considered as an alternative to existing UK (civilian and 
military) methods of primary major incident triage.   In chapters 5 and 6, the case supporting the use of the 
MPTT is strengthened with a prospective analysis of its performance and a study describing the implications 
of under-triage. 
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Chapter 5: The prospective validation of the Modified Physiological Triage Tool on deployed Military 
Operations 
Reference:  
Vassallo J, Horne S, Smith JE, Wallis LA. The prospective validation of the Modified Physiological Triage 
Tool (MPTT): an evidence-based approach to major incident triage. J R Army Med Corps. 2017 
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Main findings: 
• Existing major incident triage tools, including those currently in use in UK military and civilian 
practice continue to demonstrate poor performance at predicting need for life-saving intervention in 
this prospective military cohort.   
• The Modified Physiological Triage Tool outperforms existing triage tools, with the greatest sensitivity 
for predicting need for life-saving intervention, corresponding with the lowest rates of under-triage.  
• Within this prospective military cohort, the Modified Physiological Triage Tool demonstrated greater 
sensitivity at predicting need for life-saving intervention than was observed in both the retrospective 
derivation and civilian validation datasets.  
 
Motivation for conducting study 
In chapters 3 and 4 the MPTT outperformed existing methods of triage at identifying patients in need of a 
life-saving intervention, but this came at the expense of low specificity and high rates of over-triage.  A key 
limitation of both these studies is the use of trauma registries to conduct the analyses; whilst they contain large 
numbers of patients in need of a life-saving intervention, minimally injured patients are a minority, with 
considerable numbers unlikely to have been included due to the inclusion criteria of the respective trauma 
registries.  By collecting data in a prospective manner, consecutive trauma patients, including those minimally 
injured and who don’t meet trauma registry inclusion criteria, can be analysed, yielding a more accurate 
representation of triage tool performance.   
 
Aim 




• Identify gold standard Priority One patients in terms of requirement for life-saving intervention. 
• Determine the ability of the MPTT to predict the requirement for life-saving intervention. 
• Undertake a comparative validation with existing triage tools. 
 
A copy of the published paper follows over the next five pages.
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Discussion of study 
Supplementary methods 
In chapters 3 and 4 the MPTT underwent a successful comparative analysis and validation of its performance 
with existing triage tools.  Whilst these retrospective studies on trauma registry data convey the advantage of 
including large numbers of injured patients requiring life-saving interventions, they are associated with 
limitations.  A key limitation of both studies is the inclusion criteria for entry onto both the JTTR and TARN 
registries, resulting in the exclusion of less-severely injured patients, thereby making the interpretation of a 
triage tool’s specificity potentially unreliable. 
 
In order to supplement the previous retrospective studies, and to provide an accurate analysis of the MPTT’s 
performance (including reliably reporting specificities), an additional study was performed to validate and 
further support the use of the MPTT.  A prospective observational study was conducted over the six-month 
period March-October 2011, with data being collected prospectively by the author (SH) for consecutive adult 
(>18 years) trauma patients presenting to the ED in the deployed field hospital at Camp Bastion, Afghanistan.  
By including consecutive patients, those less severely injured and not fulfilling trauma registry inclusion 
criteria were included in the analysis, whilst still maintaining high numbers of patients requiring life-saving 
interventions (Priority One patients). Due to the nature of military deployments and with healthcare personnel 
(SH) only deployed for a fixed amount of time, the data collection period was restricted to this time.  
 
In keeping with the studies in chapters 3 and 4, only patients with complete physiological data were included 
and outliers, defined a priori as SBP >206mmHg, RR >45bpm and HR >170bpm were removed from the 
analysis (Figure 5.1).  Interventions were recorded by free text, with patients categorised as Priority One if 
they received one or more life-saving interventions from Figure 2.3.  Study characteristics such as age, 
outcome, mechanism of injury and injured body region were not recorded prospectively, therefore a separate 
analysis was conducted using the JTTR for the study period as a surrogate.   
 
Using first recorded hospital physiology patients were categorised as Priority One or Not Priority One using 
the MPTT, the Military/NARU Sieve, START, Careflight and the MIMMS Triage Sieve.  As with chapters 
3 and 4, patients were assumed to be non-ambulant, and for the purposes of categorisation using START and 
Careflight, a surrogate SBP of 90mmHg was used to represent presence of a palpable pulse.  Again, in keeping 
with previous chapters a surrogate of GCS<13 was used to determine unconsciousness for both the 
Military/NARU Sieve.  The published paper also included the Modified Military Sieve, described in chapter 
3 in the comparative analysis and its performance is described separately in the supplementary results below. 
Statistical analysis was conducted using sensitivity, specificity and the calculation of under and over-triage.  
A McNemar test with Bonferroni correction (a=0.05/5=0.01) was used to determine if a statistically significant 
difference in performance existed between the MPTT and Military/NARU Sieve and the MIMMS Triage 
Sieve.   
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Supplementary results 
During the study period, 497 consecutive adult trauma patients were assessed in the ED at Camp Bastion, 
Afghanistan.  Interventions were recorded free-hand and reviewed by the authors (JV and SH) to determine 
whether patients were Priority One or Not Priority One.  It was not possible to classify 29 patients (5.8%) and 
these were removed from the analysis.  A further 107 patients (21.5%) were removed due to incomplete 
physiological data. Finally, four patients were removed as physiological outliers (HR>170, n=2, RR>45, n=2).  
The final dataset for analysis consisted of 357 patients (71.8%).  As described in the supplementary methods, 
descriptive statistics were not collected prospectively, therefore an analysis of the JTTR was conducted using 
the dataset in chapter 3.  The JTTR held records for 458 patients (92.2%) for the dates of the prospective study 




Figure 5.1 Prospective study participation flow diagram.129 
 
Table 5.1: Comparative performance of the MPTT with existing triage tools.  










MPTT 83.6% (78.1-88.0) 51.1% (42.9-59.1) 16.4% (12.0-21.9) 28.0% (21.3-35.8) 
MIMMS 
Triage Sieve 
46.7% (40.2-53.4) 88.1% (81.8-92.4) 53.3% (59.8-46.6) 
  
14.7% (9.8-21.4) 
Military/NARU Sieve 64.0% (57.4-70.2) 81.1% (73.9-86.7) 36.0% (29.9-42.6) 16.8% (11.5-23.8) 
START 57.5% (50.8-63.9) 86.7% (80.2-91.3) 42.5% (36.1-49.2) 13.3% (8.7-19.8) 
Careflight 56.1% (49.4-62.6) 88.8% (82.6-93.0) 43.9% (37.4-50.6) 11.9% (7.6-18.2) 
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In keeping with the comparative analyses in chapters 3 and 4, the MPTT demonstrated the greatest sensitivity, 
corresponding to the lowest rates of under-triage (Table 5.1).  Under and over-triage were calculated using the 
same methodology as in previous chapters with additional methods (described in chapter 3) reported in Table 
5.2.   
 
The sensitivity reported in this study exceeds that observed in the derivation study (83.6% versus 69.5%) with 
no overlapping of 95% confidence intervals.  As was anticipated from previous analyses, the MPTT had the 
lowest specificity of all triage tools, with a 14.2% absolute reduction when compared to the JTTR derivation 
study (chapter 3).  This reduction is likely to be as a result of the inclusion and analysis of all consecutive 
trauma patients, not only those fulfilling JTTR inclusion criteria; an additional 37 patients were reported in the 
prospective cohort over those recorded on the JTTR for the same period. Again, in keeping with previous 
studies, the MPTT had the highest rate of over-triage (28.0%), but within this setting, this is within the 35% 
over-triage threshold suggested by the American College of Surgeons for the field-triage process.16 
 
Compared to the derivation study in chapter 3, the performance of the Modified Military Sieve is improved 
within this prospective cohort (sensitivity: 68.7% (62.0-74.8), specificity: 74.8% (66.9-81.7)) and is 
comparable to its original derivation dataset (sensitivity: 71.2% (68.2-74.1), specificity: 79.3% (75.9-82.7)).18  
However with respect to sensitivity and rates of under-triage, the MPTT outperformed the Modified Military 
Sieve with an absolute increase in sensitivity of 14.9%. As in previous chapters, a McNemar test with 
Bonferroni correction was used to determine if a statistically significant difference in performance existed 
between the triage tools.  For all comparisons and with an adjusted significance level (µ=0.05/5 =0.01), the 
Null hypothesis that the MPTT had equal performance with existing triage tools was rejected.  
 
MPTT versus MIMMS Triage Sieve - c2=130.0, p <0.001 
MPTT versus Military/NARU Sieve - c2=83.0, p <0.001 
 























































Table 5.2: Comparison of alternative methods of calculating under and over-triage. 
PPV; Positive Predictive Value, NPV; Negative Predictive Value 
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Supplementary limitations 
As with previous chapters, this study is associated with the limitation of validating a major incident triage tool 
in a different context to what it is designed to function in.  However, where chapters 3 and 4 were associated 
with the additional limitation of trauma registry inclusion criteria, in this study consecutive trauma patients 
have been analysed. 
 
Whilst physiological data and interventions were recorded prospectively, a limitation of this study was the lack 
of recording of patient characteristics, thereby relying on a separate analysis of the JTTR for the study period.  
Despite data being recorded prospectively, 136 patients (27.3%) were excluded due to incomplete data; whilst 
proportionally this is less than was observed in chapters 3 and 4, it still results in a form of selection bias.  
With a lack of prospectively collected study characteristics, it is not possible to quantify whether those with 
missing data were more seriously injured.   
 
The use of a free-text box to record interventions received is an additional limitation of this study, and is 
demonstrated by being unable to ascertain whether 29 patients (5.8%) received a life-saving intervention.  For 
those recorded as having received an intervention, it was not possible to ascertain whether the interventions 
recorded were the only ones received, i.e. did the patient also receive a subsequent surgical procedure? A 
further limitation is the inability to quantify the time period in which the intervention occurred as timings were 
not recorded for interventions. With the interventions in Figure 2.3 representing binary outcomes (i.e. received 
or didn’t receive the life-saving intervention), a more appropriate method of data collection might have been 
to have a box-checklist for each life-saving intervention and with this, a prospective record of when the 
intervention was performed.  If this study was to be repeated in the future, these limitations regarding data 
collection should be considered in order to provide more reliable and robust data collection. 
 
Whilst not a mitigation for the limitations described, they are likely to be explicable due to the number and 
training of deployed personnel.  Within an established UK trauma service, the likelihood is that there will a 
trauma research nurse, who is additional to the clinical trauma team, not directly involved in clinical care and 
who is able to collect this data without interruption.  By contrast, in this study, the author (SH) collecting data 
was the senior Emergency Specialist whose primary role is a clinical one in the deployed setting.  
 
In common with previous chapters and described in the published paper, additional limitations exist and 
include the assumption that patients were non-ambulant, and the requirement for surrogates (described in the 
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Chapter conclusion 
In this study, the MPTT has undergone an additional validation using prospectively collected data for 
consecutively injured adult trauma patients treated in the ED at Camp Bastion, Afghanistan.  Within this 
prospective cohort, the MPTT demonstrated the greatest sensitivity at predicting the need for life-saving 
intervention, correlating with the lowest rates of under-triage.  Whilst this comes at the expense of the greatest 
rate of over-triage, the over-triage rate is considerably lower than was observed in chapters 3 and 4, and is 
within the American College of Surgeons recommended limits for individual field triage.16  
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Chapter 6: Exploring the implications of under-triage by the Modified Physiological Triage Tool and 
existing triage tools in a civilian trauma population 
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Main findings: 
• The mortality of patients under-triaged by the Modified Physiological Triage Tool is identical to that 
of the overall study population, and is lower than those under-triaged by both the Military/NARU 
Sieve and the MIMMS Triage Sieve. 
• Patients under-triaged by the Modified Physiological Triage Tool were significantly less injured with 
a lower median ISS when compared to the Military/NARU Sieve and the MIMMS Triage Sieve. 
• Serious head and thoracic injuries formed the majority of the Priority One cohort and the Modified 
Physiological Triage Tool demonstrated the greatest ability at identifying these patients.  Significantly 
fewer patients with serious head and thoracic injuries were under-triaged by the Modified 
Physiological Triage Tool. 
  
Motivation for conducting study 
Derived on a retrospective military cohort, the MPTT demonstrated improved performance at identifying 
patients in need of a life-saving intervention, and was subsequently successfully validated using a retrospective 
civilian trauma database and a prospective military cohort.  However, these studies have demonstrated that the 
improved sensitivity and lowest rates of under-triage come at the expense of the greatest rates of over-triage.  
Whilst the priority of initial primary triage at a major incident should be to identify those patients in need of 
life-saving intervention, the overall effectiveness of the triage tool is a balance between identifying these 
Priority One patients and minimising those inappropriately misclassified as either needing (over-triage) or not 
needing a life-saving intervention (under-triage).  Existing guidance as to the performance of major incident 
triage tools is limited, with the stipulation that both under and over-triage should simply be kept to a 
minimum.16 
 
Previous studies have demonstrated that increased rates of over-triage can impair patient management through 
overwhelming healthcare resources and have an impact on morbidity and mortality.36,40,61  It would seem 
logical that under-triage, i.e. misclassifying patients in need of a life-saving intervention, will adversely impact 
both morbidity and mortality, but this is no more than conjecture; to date, there have been no studies looking 
at the implications of under-triage.  With existing triage tools demonstrating high rates of under-triage, far in 
excess of that observed with the MPTT, this study aimed to explore the implications of under-triage of existing 
triage tools within the civilian trauma registry population. 
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Aim 
The aim of this study was to determine the clinical significance of under-triage of patients by existing major 
incident triage tools. 
 
Objectives 
• Report the mortality and injury severity of patients under-triaged by existing triage tools.  
• Determine the ability of existing triage tools at identifying serious injury (AIS >3). 
• Compare the safety profile of the MPTT with existing triage tools.  
 
A copy of the published paper follows over the next six pages.
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Discussion of study 
Supplementary methods 
Existing methods of UK triage including the Military/NARU Sieve and the MIMMS Triage Sieve demonstrate 
high rates of under-triage, exceeding that of the MPTT in both the military and civilian environment.  In an 
attempt to further support the use of the MPTT over existing methods of UK primary triage, and to describe 
its safety profile, an analysis of patient characteristics was undertaken for the cohorts under-triaged by these 
triage tools. 
 
A retrospective analysis was conducted using the same TARN dataset and with the same patient inclusion 
criteria described in the civilian validation of the MPTT in chapter 4. In keeping with the civilian validation, 
outliers were identified using Z scores (described in chapter 3) and removed from the analysis.  Patients were 
defined as Priority One if they received one or more life-saving interventions from Figure 2.3 and using first 
recorded hospital physiology were prioritised as either Priority One or Not Priority One using the MPTT, the 
Military/NARU Sieve and the MIMMS Triage Sieve.  Although the MIMMS Triage Sieve has been replaced 
by the NARU Sieve (with analogous physiological assessments to the Military Sieve) in UK clinical practice, 
it was included in the analysis as it continues to be taught on the MIMMS course (in the UK and worldwide) 
as the method of primary triage.  
 
A typographical error currently exists in Table 1 of the published paper with the Military/NARU Sieve having 
an upper respiratory rate threshold of RR >= 30, this should read RR > 30. The analysis was conducted using 
the correct variable – RR > 30. 
 
Population characteristics were determined and compared for the whole population and the Priority One cohort 
(published paper Table 2).  Additional population characteristics are described in the supplementary results 
for the individual cohorts under-triaged by the triage tools.  For all groups (whole population, Priority One 
cohort, and individual under-triage cohorts) 30-day outcome and injury severity (using ISS) were compared.  
Additionally, frequency of interventions and proportions of serious injuries by different body region (defined 
as AIS score > 3) were compared.  Statistical analysis was with a c2-test and Mann-Whitney U-test for 
categorical and continuous data respectively. 
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Supplementary results 
During the study period 127,233 patients were included in the analysis with complete physiological data, of 
these 24,791 (19.5%) patients were identified as receiving a life-saving intervention (Figure 6.1).  The MPTT 
under-triaged the fewest patients, with the MIMMS Triage Sieve having the highest rate of under-triage (Table 
6.1).   
 
 
Figure 6.1: Participation flow diagram.130 
 
 MPTT Military/NARU Sieve MIMMS Triage Sieve 
N (%) 10,521 (42.4) 17,842 (71.9) 21,583 (87.1) 
95% Confidence Intervals 41.8-43.1 71.4-72.5 86.6-87.5 
Table 6.1: Frequency of under-triage.130 
 
As described in the published paper, the Priority One cohort differed considerably to the overall study 
population; a younger, more male population injured predominantly through road traffic collisions. Additional 
study characteristics are provided for the individual cohorts under-triaged by the triage tools (Table 6.2).  The 
primary aim was to report mortality between the cohorts under-triaged by the different tools and this is 
described in the published paper.   
No further analyses were conducted.  
Page 128 of 174 
 
 
Table 6.2: Population study characteristics (* percentage of whole population, ** percentage of Priority One cohort).130




MIMMS Triage Sieve 
Under-triage cohort 
No of patients 127,233 24,791 (19.5%*) 10,521 (42.4%**) 17,842 (71.9%**) 21,583 (87.1%**) 


















ISS (Median (IQR)) 9 (9-16) 16 (9-25) 10 (9-18) 13 (9-20) 14 (9-25) 
Age (years) (Median (IQR)) 61.4 (43.1-80.0) 50.6 (32.6-71.1) 55.3 (36.6-75.7) 52.1 (33.8-72.7) 51.7 (33.3-72.3) 




































Mechanism of injury (n (%)) 
Road traffic collision 
Crush 
Amputation (Total + Partial) 
Fall > 2m 
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Supplementary limitations 
This study is associated with the same limitations described in both the published paper and in chapter 4.  
These include, but are not limited to, the use of a trauma registry to conduct research on a major incident triage 
tool, and the frequency of missing data.  As previously discussed, one of the limitations of the TARN database 
is the high proportion of patients injured through low falls (53.7%).  Whilst in chapter 4 a sensitivity analysis 
was performed of triage tool performance with these patients excluded, this has not been done in this study.  
Whilst the proportion of patients injured through low falls is reduced in the Priority One cohort (27.8%), this 
may still represent a limitation of this study, and is a potential area in which to conduct further work.  
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Chapter conclusion 
The American College of Surgeons state that both under and over-triage at a major incident should be kept to 
a minimum.16 This study supports this statement, and has been able to provide objective evidence of the 
implications associated with under-triage.  Within the trauma registry population, existing UK major incident 
triage tools (both military and civilian) have high rates of under-triage, and this is associated with higher 
mortality and more severely injured patients.  With the lowest rate of under-triage, and associated with the 
lowest mortality, the MPTT should be considered as an alternative to existing methods of triage for the 
purposes of primary major incident triage.  In chapter 7, a feasibility assessment is undertaken of whether 
pragmatic changes can be made to the MPTT in order to improve its applicability as a primary major incident 
triage tool.  
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Chapter 7: Improving the applicability of the Modified Physiological Triage Tool 
Reference:  
Vassallo J, Smith JE, Wallis LA. Major incident triage and the implementation of a new triage tool, the MPTT-
24. J R Army Med Corps. 2017. doi: 10.1136/jramc-2017-000819. 
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Main findings: 
• The Modified Physiological Triage Tool-24 differs from the Modified Physiological Triage Tool by 
using an increased upper respiratory rate threshold of 24 breaths per minute and replacing the existing 
conscious level assessment with does the patient respond to Voice.  Additionally, it includes an 
assessment of catastrophic haemorrhage. 
• Where the previous upper respiratory rate threshold (22) required a 30 second period to easily measure 
it, the adoption of a higher upper threshold allows for the potential for a quicker triage assessment; 
with 24 being divisible by four, the provider is able to measure the respiratory rate over a 15 second 
period. 
• The adoption of a simplified method of assessing a patient’s conscious level increases the triage tool’s 
transferability and allows for it to be used by less experienced providers. 
• The Modified Physiological Triage Tool-24 demonstrates a reduction in sensitivity in both military 
and civilian populations when compared to the Modified Physiological Triage Tool, but continues to 
outperform the existing UK military and civilian (Military/NARU Sieve) method of primary major 
incident triage.  
 
Motivation for conducting study 
Derived using logistic regression, the MPTT represents the combination of the optimum physiological 
thresholds at predicting the need for life-saving intervention.  Within both military and civilian populations, it 
has been shown to outperform existing methods of triage with the lowest rates of under-triage.  Whilst it has 
been statistically derived it may not represent the optimum method for primary major incident triage; the key 
principle of which is that it can be performed rapidly, reliably and with reproducible results, irrespective of the 
provider using it.  
 
In chapter 3 the optimum ranges of RR for predicting the need for life-saving intervention were identified as 
<12 or >22 bpm.  Commonly providers measuring HR and RR will count for a set period of time (e.g. 15 
seconds) and then multiply by four to calculate the rate per minute.  With an upper RR threshold of  >22 bpm 
this is not easily achievable, as 22 is not easily divisible by four, therefore providers are required to count the 
RR over a 30 second period thereby doubling the time taken to measure the RR.  By increasing the upper 
threshold to 24 bpm, providers are able to more easily measure the RR over a 15 second period, but it is not 
known what the implications will be on the overall performance of the triage tool. 
 
The MPTT uses a GCS <14 as the conscious level assessment to determine whether a patient is Priority One.  
Whilst this represents the optimum threshold to identify the need for life-saving intervention and is a specific 
value (unlike the Military/NARU Sieve, START or Careflight), it relies on the individual performing the triage 
assessment being familiar and experienced with assessing the GCS.  Like the RR, calculating the GCS can be 
time-consuming and requires providers to have a description of the individual eye, verbal and motor 
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components.  However, even with this, wide inter-rater reliability has previously been described.131  The AVPU 
(Alert, responds to Voice, responds to Pain and Unconscious) scale is an alternative, simplified assessment of 
conscious level.  With ‘responds to Voice’ correlating to a median GCS score of 13, identical to the existing 
threshold in the MPTT, the GCS <14 assessment was replaced with “responds to Voice”.131,132 By replacing 
the conscious level assessment with whether the patient “responds to Voice”, providers unfamiliar with the 
GCS are likely to be able to reliably assess the conscious level and in a shorter period of time.  
 
In recent years, a number of European major incidents have been as a result of terrorist incidents, producing 
injuries more comparable to those seen on the battlefield.1,61,84  After the London 7/7 bombings and the 
associated Coroner’s Inquest, the MIMMS Triage Sieve was replaced by the NARU Sieve in the UK, the first 
stage of which is the assessment and treatment of catastrophic haemorrhage using a tourniquet or haemostatic 
dressing.45,133 The inclusion of this assessment is a logical step for any new primary major incident triage 
algorithm, and is in keeping with existing UK military and civilian practice.46  The result of these pragmatic 
changes is the Modified Physiological Triage Tool-24 (MPTT-24) (Figure 7.1).  
 
Aim 
The aim of this study was to determine whether pragmatic changes could be made to the MPTT without unduly 
affecting its performance.  
 
Objectives 
• Conduct a feasibility assessment of adopting an increased upper RR threshold (24 bpm) in the MPTT-
24. 
• Compare the performance characteristics of the MPTT-24 to the MPTT and the Military/NARU Sieve.    
• Report the mortality and injury severity of the cohorts of patients under-triaged by the MPTT-24. 
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Figure 7.1: Modified Physiological Triage Tool-24 triage algorithm.134 
 
A copy of the published paper follows over the next four pages. 
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Discussion of study 
Supplementary methods 
As described in the published paper, the first stage of this study was to explore the effect of using an increased 
upper RR threshold (>24 bpm) compared to the existing MPTT (>22 bpm).  Subsequently, the performance of 
the MPTT-24 was compared to the MPTT and the Military/NARU Sieve.  Two databases (TARN and JTTR) 
were used for the analyses described in the published paper with the same datasets as used in chapters 3 and 
4.  Study participation including the removal of outliers and the surrogates used for analysis, was the same as 
in the original studies, and has been previously described in the respective chapters (JTTR: chapter 3, TARN: 
chapter 4).  In addition to the results in the published paper (sensitivity, specificity, odds ratio and PPV), 
under and over-triage were calculated with 95% confidence intervals.   
 
Supplementary to the analyses described in the published paper, an analysis was undertaken to assess the 
MPTT-24’s performance using the prospective military cohort described in chapter 5.  In addition, the safety 
profile of the MPTT-24 was examined, with the study characteristics identified of the cohort of patients under-
triaged by the MPTT-24.  In keeping with the study described in chapter 6 an analysis of mortality, injury 
severity and the ability to detect serious injury (AIS >3) by body region was undertaken with a comparison to 
the MPTT.  
 
Statistical analysis comparing the performance of triage tools was performed using a McNemar test with a 
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Supplementary results 
As discussed in the published paper, adopting a higher RR upper threshold in isolation resulted in an absolute 
reduction in sensitivity in both military (13.5%) and civilian (11.4%) trauma registry populations.  The 
reduction in sensitivity was associated with an almost matched increase in specificity (military: 13.8%, 
civilian: 8.9%).  
 
JTTR Dataset 
Both variants of the MPTT outperformed existing methods of triage at predicting the need for life-saving 
intervention with the lowest rates of under-triage.  There was a clinically and statistically significant difference 
in performance between both the MPTT (c2=998, p<0.001), the MPTT-24 (c2=856, p<0.001) and the existing 
Military/NARU Sieve (Table 7.1).  Whilst a statistically significant difference in performance was observed 
(c2=140, p<0.001) between the MPTT and the MPTT-24, clinically the two tools are directly comparable in 
performance; the statistically significant difference is likely to be as a result of the size of dataset used. 
 
Figure 7.2 depicts the performance of both variants of the MPTT in a hypothetical major incident (20 Priority 
One: 30 Priority Two: 180 Priority Three patients) within the military setting (using the performance triage 
tool characteristics observed in Table 7.1).  Here the MPTT-24 is shown to under-triage an additional one 
Priority One patient, but with one less Priority Two patient over-triaged compared to the MPTT. 
 
Table 7.1: Comparative performance of the MPTT-24 with existing triage tools (JTTR).129 
 (95% Confidence Intervals), Under-triage: 1-sensitivity, Over-triage: 1-positive predictive value 
 
 





MPTT-24 66.7% (64.5-68.9) 69.9% (67.8-71.9) 33.7% (31.5-35.9) 33.3% (31.2-35.4) 
MPTT 69.9% (67.7-72.0) 65.3% (63.2-67.4) 30.5% (28.4-32.7) 35.4% (33.3-37.6) 
MIMMS 
Triage Sieve 
24.2% (22.3-26.3) 94.8% (93.8-95.7) 75.8% (73.7-77.7) 19.1% (17.4-20.9) 
Military/NARU Sieve 43.2% (40.9-45.6) 93.7% (92.5-94.7) 56.8% (54.4-59.1) 13.8% (12.4-15.4) 
START 38.1% (35.8-40.4) 96.9% (96.1-97.6) 61.9% (59.6-64.2) 8.2% (7.05-9.51) 
Careflight 32.9% (30.7-35.2) 98.4% (97.8-98.9) 67.1% (64.8-69.3) 5.0% (4.1-6.0) 
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Figure 7.2a: Comparison of under and over-triage rates of the MPTT using the JTTR.  
 
 
Figure 7.2b: Comparison of under and over-triage rates of the MPTT-24 using the JTTR. 
 
The original analysis submitted for the published paper was consistent with those in the previous chapters, 
with no calculation of odds ratios.  Following the peer-review process, the reviewers requested this calculation 
and it is therefore provided in the published paper, thus explaining the discrepancy between the analyses in the 
published papers and their respective chapters. Whilst the odds ratio is useful for demonstrating the 
performance in isolation of adopting a higher RR threshold, when calculated for triage tools it can lead to 
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confusion and an incorrect assumption about the tools’ performance. Calculated using the formula below, the 
odds ratio relies on specificity for the calculation.135   
 
Odds ratio = [Sensitivity / (1-sensitivity)] / [(1-specificity) / specificity)] 
 
The fundamental problem associated with the odds ratio is that sensitivity is the most important assessment in 
primary major incident triage i.e. the identification of patients in need of a life-saving intervention.  Where in 
Table 7.1, the MPTT has the greatest sensitivity (69.9%, (67.7-72.0)), this is at the expense of the lowest 
specificity (65.3%, (63.2-67.4)), which equates to an odds ratio of 4.37 (1.90-5.02).  By contrast, the 
Military/NARU Sieve, which has a considerably lower sensitivity (43.2%, (40.9-45.6)), but high specificity 
(93.7%, (92.5-94.7)) has an odds ratio of 11.29 (9.18-13.88).  When odds ratios are compared, it gives the 
impression that, the Military/NARU Sieve with a higher odds ratio, is a ‘better’ method of triage than the 
MPTT, despite it under-triaging over half (56.8%) of the study population.  It is for this reason that the odds 
ratios must be interpreted with caution in the published paper.  
 
TARN Dataset 
Both variants of the MPTT outperformed existing methods of triage and as was observed with the JTTR 
dataset, there was a clinically and statistically significant difference in performance between both the MPTT 
(c2=30,405, p<0.001), the MPTT-24 (c2=26,005, p<0.001) and the Military/NARU Sieve (Table 7.2).   
 
Table 7.2: Comparative performance of the MPTT-24 with existing triage tools (TARN).129  
(95% Confidence Intervals), Under-triage: 1-sensitivity, Over-triage: 1-positive predictive value 
 
Again, whilst the clinical performance of the MPTT-24 is directly comparable to the MPTT in terms of 
sensitivity and specificity, a statistically significant difference in performance was observed (c2=4,398, 
p<0.001).  As with the JTTR dataset, this is likely to be explained by the use of a large dataset, where a small 
change in performance can result in a statistically significant difference in performance being observed. Figure 
7.3 demonstrates the difference in performance when the MPTT and MPTT-24 are applied to a hypothetical 
major incident in the civilian setting (with the same ratio of patients as Figure 7.2 and performance 
characteristics from Table 7.2). 





MPTT-24 53.5% (52.9-54.1) 74.8% (74.6-75.1) 46.5% (45.9-47.1) 66.0% (65.7-66.3) 
MPTT 57.6% (56.9-58.2) 71.5% (71.2-71.8) 42.4% (41.8-43.0) 67.1% (66.5-67.7) 
MIMMS 
Triage Sieve 
12.9% (12.5-13.4) 96.7% (96.6-96.8) 87.1% (86.7-87.5) 51.6% (51.0-52.2) 
Military/NARU Sieve 28.0% (27.5-28.6) 94.1% (93.9-94.2) 72.0% (71.4-72.6) 46.7% (46.1-47.3) 
START 28.8% (28.2-29.4) 94.3% (94.2-94.4) 71.2% (70.6-71.8) 45.0% (44.4-45.6) 
Careflight 23.6% (23.1-24.1) 95.9% (95.7-96.0) 76.4% (75.9-76.9) 42.1% (41.5-42.7) 
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Figure 7.3a: Comparison of under and over-triage rates of the MPTT using TARN. 
 
Figure 7.3b: Comparison of under and over-triage rates of the MPTT-24 using TARN. 
 
As with the JTTR (Figure 7.2), the MPTT-24 under-triages an additional one Priority One patient when 
compared to the MPTT, but over-triages one less Priority Two patient; implying comparable performance 
between the two triage tools.  
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Prospective Cohort 
When the MPTT-24’s performance is assessed using the prospective cohort from chapter 5, a similar 
performance is observed to the cohorts above (Table 7.3).  Despite having directly comparable sensitivity and 
specificity to the MPTT, a statistically significant difference in performance was again observed (c2=6.125, 
p=0.008).  Figure 7.4 demonstrates the performance of both variants of the MPTT when a hypothetical major 
incident is considered using the performance from Table 7.3 (same patient ratio as Figure 7.2 and 7.3).  Over-
triage is identical between the MPTT and MPTT-24, but with a higher rate of under-triage, the MPTT-24 
under-triages an additional one Priority One patient.  
 
Table 7.3: Comparative performance of the MPTT-24 with existing triage tools (Prospective Cohort).129  
(95% Confidence Intervals), Under-triage: 1-sensitivity, Over-triage: 1-positive predictive value 
 
In keeping with the retrospective cohorts, the MPTT-24 continued to demonstrate a statistically significant 
difference in performance with the Military/NARU Sieve (c2=75.013, p<0.001). 
 





MPTT-24 82.2% (76.6-86.8) 54.6% (46.4-62.5) 17.8% (13.2-23.4) 27.3% (20.6-35.1) 
MPTT 83.6% (78.1-88.0) 51.1% (42.9-59.1) 16.4% (12.0-21.9) 28.0% (21.3-35.8) 
MIMMS 
Triage Sieve 
46.7% (40.2-53.4) 88.1% (81.8-92.4) 53.3% (59.8-46.6) 
  
14.7% (9.8-21.4) 
Military/NARU Sieve 64.0% (57.4-70.2) 81.1% (73.9-86.7) 36.0% (29.9-42.6) 16.8% (11.5-23.8) 
START 57.5% (50.8-63.9) 86.7% (80.2-91.3) 42.5% (36.1-49.2) 13.3% (8.7-19.8) 
Careflight 56.1% (49.4-62.6) 88.8% (82.6-93.0) 43.9% (37.4-50.6) 11.9% (7.6-18.2) 
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Figure 7.4b: Comparison of under and over-triage rates of the MPTT-24 using prospective military 
cohort. 
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Under-triage assessment 
30-day mortality was comparable for the MPTT and MPTT-24 (94.3% versus 94.4%), with no statistically 
significant difference demonstrated (p=0.7928).  Median ISS was identical for the cohorts under-triaged by 
both variants of the MPTT.  There was an absolute increase of 1.5% in the proportion of patients under-triaged 
by the MPTT-24 with serious (AIS>3) thoracic injuries compared to the MPTT (Table 7.4).  Demonstrating a 
statistically significant difference (p=0.0246) this suggests that a greater number of serious thoracic injuries 
are under-triaged by the MPTT-24.  
 
However, when compared to the Military/NARU Sieve, an absolute reduction of 4.5% in serious thoracic 
injuries was observed with the MPTT-24.  Again, demonstrating a significant difference (p<0.0001) this 
suggests that more serious thoracic injuries occur in those patients under-triaged by the Military/NARU Sieve.  
There was no significant difference in the proportion of patients under-triaged with serious head injuries 
between both variants of the MPTT (p=0.4628) or the MPTT-24 (p=0.2162) and the Military/NARU Sieve.  
This suggests that there are similar proportions of patients with serious head injuries in both cohorts under-
triaged by these tools.   
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Table 7.4: Population study characteristics (* percentage of whole population, ** percentage of Priority One cohort).130






No of patients 127,233 24,791 (19.5%*) 11,524 (46.5%**) 10,521 (42.4%**) 17,842 (71.9%**) 


















ISS (Median (IQR)) 9 (9-16) 16 (9-25) 10 (9-18) 10 (9-18) 13 (9-20) 
Age (years) (Median (IQR)) 61.4 (43.1-80.0) 50.6 (32.6-71.1) 54.9 (36.3-75.2) 55.3 (36.6-75.7) 52.1 (33.8-72.7) 




































Mechanism of injury (n (%)) 
Road traffic collision 
Crush 
Amputation (Total + Partial) 
Fall > 2m 
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Supplementary limitations 
The work within this chapter describes an extension to the studies conducted in the previous chapters and is 
therefore subject to the same limitations that have been previously described in both the published papers and 
chapters.   
Whilst a number of studies have described that a patient who ‘responds to Voice’ has a median GCS of 13, 
there will be individual variation between patients; for example McNarry and Goldhill report an IQR for the 
GCS of 10-14.132  It is acknowledged that not all patients who are unable to ‘respond to Voice’ will have a 
GCS <14, therefore representing an additional limitation.  
Despite it being previously described that assessing the RR over a period of 60 seconds is best practice, this is 
not practical in the context of primary major incident triage and therefore an approximation is used (e.g. a 30 
second count and multiply by two).  However, reducing the time period used to measure the RR may be 
associated with a reduction in accuracy.  Whilst no reduction in accuracy has previously been formally 
described, it is currently being investigated, determining if there is an impact in detecting clinical deterioration 
when the RR is measured over 15, 30, 60 second time periods.136 
With the existing threshold of 22 bpm providers using the MPTT are unable to easily assess the RR in less 
than 30 seconds.  By adopting an increased threshold of 24 bpm, providers have the potential to assess the RR 
over a shorter period of time; either for a 10 or 15 second period and multiplying by six or four respectively.  
By adopting this higher threshold, the performance of the MPTT-24 doesn’t appear to be negatively affected 
when compared to the MPTT; despite reaching statistical significance, when applied to a hypothetical clinical 
situation, the performance of both variants of the MPTT are directly comparable.  However, should the 
provider using the MPTT-24 choose to measure the RR over a 30 second period, there is unlikely to be any 
additional benefit with regards to a reduction in time taken to triage using the MPTT-24.  
A key limitation to this study is that it has only described the theoretical potential for a reduction in time 
required to triage and not demonstrated it.  In order to demonstrate that the MPTT-24 does convey a reduction 
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Chapter conclusion 
In this study, pragmatic changes have been made to the MPTT to create the MPTT-24, in order to improve its 
applicability as a primary major incident triage tool. When compared to the MPTT, the MPTT-24 allows for a 
more rapid triage assessment and increases its utility by non-clinicians.  In both the military and civilian setting, 
the MPTT-24’s performance is largely comparable to the MPTT and continues to outperform (clinically and 
statistically) the existing methods of UK military and civilian triage.  
The key principle of primary major incident triage is that it can be conducted rapidly, reliably and with 
reproducible results irrespective of the background of the provider using it.  The priority of the primary triage 
process must be to identify those patients in need of a life-saving intervention and to minimise rates of under-
triage. The MPTT-24 fulfils these principles and it is for these reasons that is recommended as an alternative 
to existing methods of primary major incident triage.  
 
 
Page 151 of 174 
Chapter 8: Limitations, conclusion and recommendations 
 
Limitations 
The work within this thesis and for major incident triage in general, is associated with a number of 
limitations. In this thesis a combination of military and civilian populations have been used to derive and 
subsequently validate a novel triage tool, the MPTT-24.  Unsurprisingly, the performance of the MPTT-24 is 
greatest within the military setting, and this is likely to be as a result of the homogeneity of the military 
demographic, i.e. young males, frequently with limited or no existing medical co-morbidities who have been 
injured by predominantly blast or ballistic mechanisms of injury.123  By comparison, the civilian population 
is more diverse, with not only an older population, but patients can span multiple decades with not only a 
varying number of medical co-morbidities, but also the potential for polypharmacy that is associated with 
this. As a simplistic physiological triage tool, the MPTT-24 is designed to represent a ‘one size fits all’ 
approach to primary major incident triage and it is therefore unsurprising that in the civilian environment, a 
reduction in performance is seen.127 Not only do the demographics differ between these two cohorts, but the 
resources available to respond are also different – for example, in the military setting, advanced pre-hospital 
interventions (including rapid sequence induction of anaesthesia and thoracotomy) are available.  Within the 
UK civilian setting, there is considerable variation by region as to whether advanced physician led pre-
hospital teams are available, and further variation as to what interventions they may be able to provide. 
 
In chapter 2, the Priority One patient was defined in terms of need for life-saving intervention, with 32 
interventions considered by an international panel of experts to be life-saving.24  Whilst this list of 
interventions can be considered gold-standard, it is acknowledged that it may not be deliverable in all 
systems of pre-hospital or emergency care worldwide.  The ability to perform the life-saving interventions in 
Table 2.6 in the pre-hospital environment is reliant not only on a mature pre-hospital service, but also a 
developed major incident response.  Even with these both available, in certain circumstances, it may be more 
appropriate for urgent evacuation and transport to hospital, rather than delivering the intervention in the pre-
hospital setting. Instances where this may be considered would be where a significant threat remains to 
patients and the EMS personnel responding, such as in an active-shooter or a ‘marauding terrorist firearms 
attack’ or in a developed urban environment.   
 
Reports following the London 7/7 bombings state that despite the deployment of considerable numbers of 
advanced pre-hospital care physicians, very few advanced life-saving interventions were performed, with the 
primary utilisation of physicians being for scene management.60 By contrast, in the rural setting with longer 
pre-hospital transfer times to hospital, interventions are more likely to be considered and performed in the 
pre-hospital environment prior to hospital transfer.  
 
As with all diagnostic tests the performance of triage tools is a balance between sensitivity and specificity, 
whilst maintaining a triage tool that is still useable.  The ‘gold standard’ aim of major incident triage is to 
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identify patients in need of a life-saving intervention, therefore sensitivity is of greater importance than 
specificity.  Closely related to sensitivity and specificity are under and over-triage, which, in the major 
incident context are likely to be more meaningful assessments.  The results from chapter 6 demonstrate that 
with increased rates of under-triage, calculated using 1-sensivity, increased mortality and injury severity is 
observed. These findings support the principle of minimising under-triage.  However, as has been observed 
throughout this thesis, the reduction in under-triage comes at the expense of an increased rate of over-triage.   
 
Whilst over-triage has not specifically been explored in this thesis, there are a number of notable studies in 
the literature that describe its effect.  Using a number of terrorist bombing incidents worldwide, Frykberg 
demonstrated that there was a significant correlation between rates of over-triage and critical mortality, 
defined as deaths in potentially salvageable patients, thereby presenting the first study to demonstrate that 
harm may come from over-triage.36  By contrast, Aylwin reported that there seemed to be no correlation 
between over-triage and rates of critical mortality following the London 7/7 bombings; instances of critical 
mortality occurred not only in sites where over-triage existed, but also in sites where there was minimal 
over-triage. Overall, they reported only 3 cases of critical mortality (15%), despite a seemingly high rate of 
overall incident over-triage (64%).61  Whilst this latter study supports the previous priority of minimising 
under-triage, its findings may not be wholly transferable to all major incidents.   
 
Occurring within the capital city, there were multiple hospitals and a large number of advanced pre-hospital 
physicians that responded to this incident, which may go some-way to explain the findings observed.  Not 
isolated to London, a similar response was observed following the Manchester arena bombing in 2017.137 
Whilst, terrorism related major incidents may more frequently occur within the urban environment, not all 
major incidents will be as a result of terrorist atrocities; transport incidents can occur anywhere and in a more 
rural setting, the response observed in London and Manchester is unlikely to be able to be replicated.  In 
instances such as these, over-triage may well be more closely related to critical mortality.  
 
Whilst the MPTT-24 has a high rate of over-triage within the civilian setting (67%), it must be remembered 
that it is designed to function as a method of primary triage, rather than a replacement to the whole triage 
process.  Within the UK, where a secondary triage process is employed, all patients will be re-assessed using 
a secondary triage method, the Triage Sort.3  This process allows for those patients who are over-triaged as 
needing a life-saving intervention to be reassessed and downgraded as appropriate, thereby helping to 
mitigate the effects of this initial higher rate of over-triage.  
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Conclusion 
Triage is a key principle in the effective management of a major incident, helping to bring order to what is 
likely to be a chaotic environment and to prioritise patients on the basis of their clinical acuity.3,42 There are a 
number of different methods of triage in use worldwide, each with little evidence describing its derivation or 
the benefits of one tool over another tool.12,15,50 At a major incident, the extent of injury severity or mortality 
prediction is of little use to the EMS provider; the priority of triage must be to identify those patients in need 
of a life-saving intervention.15,98  This thesis has contributed to the literature with six peer-reviewed 
publications that describe the derivation and validation of a physiological triage tool.  In chapter 1, a literature 
review was conducted exploring existing methods of major incident triage and highlighting the difficulty in 
comparing different studies due to a variety of different outcome measures being used.  Chapter 2 sought to 
define the Priority One patient in terms of need for life-saving intervention; using a modified Delphi process 
32 interventions were considered by the expert panel as life-saving and this was subsequently used as the 
outcome measurement for the remainder of the thesis.24 
 
In chapter 3 the optimum physiological parameters (HR, RR, GCS) for identifying need for life-saving 
intervention were determined using logistic regression methodology in a retrospective military cohort.  The 
combination of these parameters formed the MPTT, which outperformed existing methods (Military/NARU 
Sieve, MIMMS Triage Sieve, START and Careflight) at predicting the need for life-saving intervention.123  
Chapter 4 sought to validate the MPTT on a civilian trauma registry dataset and again in this environment 
outperformed the existing methods listed above.  Whilst it continued to have the greatest sensitivity, a reduction 
was observed from the military derivation to the civilian validation.127  A subsequent validation was undertaken 
in chapter 5 using prospectively collected data in the military environment, where in this setting the MPTT 
demonstrated greater performance than was observed in both chapter 3 and 4.129  A key principle of the MPTT 
has been to minimise the rate of misclassification of patients in need of life-saving intervention (under-triage). 
Whilst experience from previous major incidents has demonstrated that the frequency of actual patients 
needing life-saving interventions is low, the impact of not providing these interventions is made clear in 
chapter 6.  Here, the effects of under-triage by the MPTT and existing UK triage tools (Military/NARU Sieve 
and MIMMS Triage Sieve) are explored.  In this study, patients under-triaged by the existing UK methods 
demonstrated greater mortality with more serious injuries per body region and higher median ISS.130   
 
Whilst the MPTT was statistically derived in chapter 3, it may not represent the optimum method of primary 
major incident triage.  The key principles of primary major incident triage are that it is rapid, reliable and 
reproducible, irrespective of the provider using it; this latter quality has been demonstrated by recent terrorism-
related major incidents, where initial triage has not been performed by conventional EMS providers.88  In 
chapter 7, pragmatic changes were made to the MPTT, in the form of the MPTT-24, in an attempt to reduce 
the time required to use it and to increase its transferability to be used by non-clinicians.  Making these changes 
did reduce the sensitivity of the tool, but when interpreted in a hypothetical clinical context, the impact on 
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under-triage was minimal.  Despite this reduction when compared to its precursor, the MPTT-24 continued to 
outperform the Military/NARU sieve at identifying patients in need of a life-saving intervention.134 
 
Recommendations for further research 
This thesis has focussed on the adult population sustaining traumatic injuries during a major incident.  There 
are a number of special circumstances which are beyond the scope of this work, including major incidents 
involving paediatrics, burn patients and the Chemical, Biological, Radiological, Nuclear environment; these 
are all areas that should be considered for further research. Whilst the MPTT-24 has been prospectively 
validated in the military environment, it has not been prospectively validated in the civilian environment.  This 
is a future area of work for the author, and may be achieved through the retrospective application of triage 
tools to prospectively collected, consecutive adult trauma patients presenting to an ED.  Key differences 
between the MPTT and the MPTT-24 are the incorporation of a higher upper respiratory rate threshold and the 
replacement of the GCS with “does the patient respond to voice”.  These changes were implemented primarily 
to facilitate the potential for a quicker triage assessment.  Currently, this is only a theoretical advantage and 
the time required to complete either triage assessment (MPTT or MPTT-24) has not been measured.  An 
additional area of work could be to explore this, principally using simulation studies, to determine the speed 
and efficacy of the MPTT-24 when compared to other triage methods. 
 
The key priority of primary major incident triage is to identify those in need of a life-saving intervention, and 
in order to maximise the sensitivity of this process, a higher rate of over-triage needs to be tolerated.  The 
secondary triage process is key to mitigating the effects of the initial increased over-triage rate, allowing for 
patients to be re-assessed with their triage categories downgraded as required.  With limited evidence to 
support the use of the existing UK method of secondary triage (the Triage Sort), further research is 
recommended to investigate the optimum means of secondary triage.34  It is likely that in order to improve 
upon the sensitivity and specificity of the MPTT-24, additional measures will be required, such as the 
assessment of anatomical injury, bringing secondary triage more in line with the individual field triage process.  
More detailed physiological assessments such as the Shock Index (HR divided by SBP) allow for an 
assessment of cardiac function during acute hypovolaemia and have demonstrated promise at identifying the 
need for life-saving intervention;34,138 this should be investigated and considered for inclusion for the secondary 
triage process as an alternative to the existing physiological parameters.   
 
Recommendations for operations 
Patients in need of a life-saving intervention typically account for less than 20% of all those injured at a major 
incident – the priority of the triage process is to identify these patients.  Existing triage tools demonstrate poor 
performance at identifying patients in need of life-saving interventions with high rates of under-triage, 
potentially associated with increased mortality in the population affected. The MPTT-24 outperforms all 
existing methods of triage at identifying these patients and is associated with the lowest rates of under-triage.  
Due to the nature in which it was derived, it is likely that the MPTT/MPTT-24 represents the optimum 
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performance that a simple physiological triage tool can have at predicting the need for a life-saving 
intervention.  Whilst the MPTT has the lowest rate of under-triage this comes at the expense of increased rates 
of over-triage.  For the primary triage process, where the priority is to identify those in need of life-saving 
intervention this must be accepted; the use of a secondary triage process will allow for a more accurate triage 
assessment and the re-classification, if required, of those initially triaged as Priority One, thus mitigating the 
effect of this initial over-triage.   
 
The key principles of primary major incident triage are that it must be able to be performed rapidly, reliably 
and with reproducible results irrespective of the background of the provider using it.  The MPTT-24 fulfils 
these priorities and having been validated on both military and civilian datasets, its use is recommended as an 
alternative to existing methods for the purposes of primary major incident triage.  In 2017, it was adopted by 
the UK National Health Service’s (NHS) Emergency Preparedness, Resilience and Response framework as 
the primary method of adult triage in the latest edition of Clinical Guidelines for Major Incidents (Appendix 
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